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ABSTRACT 

The  major  purpose  of  this  study  *as  to  determine 
whether  certain  types  of  instructional  strategies  (f actcr-lafcel 
method,  use  of  analogies,  use  of  diagrams,  and  proportionality)  were 
superior  to  others  in  teaching  problem  solving  in  four  topics,  (mole 
concept  #  gas  laws^  .stoichiometric  and  molarity).  Also  of  major 
interest  was  whether  particular  strategies" W0Tiia-be  more  ^f  iective 
for  students  having  different  verbal* visual  preferences,  different 
levels  of  mathematics  anxiety,  and  varying  proportional  reasoning 
ability.  The  design  was  a  posttest  only  control  group  design.  ,  a 
Subjects  were  421  high  school  students  drawn  from  10  schools  which 
ranged  from  rural/small  town  to  metropolitan  settings.  Among  other 
things,  it  was  found  that  students  of  high  mathematics  anxiety  scored 
significantly  lower  than  did  students  cf  low  mathematics  anxiety,  and 
that  students  df  high  proportional  reasoning  ability  scored  higher 
than  did  students  of  low  ability.   Findings  related  to  the  aptitude  by 
treatment  interaction  indicate  that  students  with  high  mathematics 
anxiety  and  an  absence  of  another  aptitude  (visual  preference  or 
proportional  reasoning  ability)  profited  by  instructional  methods 
that  contained  supportive  material  that  was  not  mathematical  in 
nature.  In  a  series  of  follow  up  interviews,  it  was  determined,  among 
other  findings,  that  students  who  did  not  understand  the  chemistry 
concepts  were  unsuccessful  in  problem  solving  and  that  students  who 
were  more  successful  used  more  orqanizing  skills  and  used  mneumonic 
notation.  (SH) 
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>    One  of  the  basic  skills  required  of  high  school  chcmistrv  students  is 

\ 

problem  solving.    Students  frequently  lack  proficiency  in  this  area  yet  little 

\ 

research  has  been  conducted  tliat  examines  strategies  that  might  be  used  to  im- 
prove students'  problem  solving  skills.    An  even  more  basic  area  that  lias  not 
been  investigated  is  the  identification  and  synthesis  of  those  processes  stu- 
dents/use in  solving  chemistry-  problems . 

/This  project  contained  two  major  components,    ihe  first  centered  on  in- 
structional strategics  that  can  be  used  in  teaching  students  to  solve  chemistry 
problems  to  determine  their  relative  effectiveness  for  different  areas  of 
chemistry.    The  second  consisted  of  recording  and  analyzing  students*  thought 
processes  while  solving  various  types  of  chemistry  problems.    Each  of  these 
components  will  be  considered  separately  in  this  report.  ' 

APTITUDE  BY  TREAIMENT  INTERACTION  STUDY 
The  major  purpose  for  conducting  this  study  was  to  determine  whether 
certain  types  of  instructional  strategies  were  superior  to  others  in  teaching 
high  school  students *. problem  solving  in  four  topics  integral  to  every-  chemistry 
course.    These  topics  were  the  mole  concept,  the  gas  laws,  stoichiojnetry,  and 
molarity.    In  all  four  areas,  the  problems  require  similar  algebraic  and  pro- 
portional reasoning  skills.   Also  of  major  interest  Was  whether  particular 
strategies  would  be  more  effective  for  students  having  different  verbal -visual 
preferences,  different  levels  of  mathematics  anxiety,  and  varying  proportional 
reasoning  ability, 

\         Background  Information 
Instructional  Strategies 

The  effectiveness  of  four  instructional  strategies  that  are  commonly  used 
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in  high  school, chemis try  courses  was  compared.    These  were:    the  factor-label 
method,  the  use  of  analogies,  the  use  of  diagrams,  and  proportionality. 

The  use  of  these  four  strategies  can  be  seen  in  relation  to  the  summary 
of  memory  structures  and  learning  outcomes  presented  by  Gagne  and  White  (1978) . 
They  posulated  that  four  memory  structures  lead  to  knowledge  stating  and  rule 
applicatioa  as  shown  in  Figure  1  .    In  this  research,  rule  application  is  of 
particular  interest  because  it  is  made  manifest  in  the  problem  solving  ability 
of  the  students.  4 

Of  the  four  types  of  memory  structures  postulated  by  Gagne  and  White,  two 
are  diredtly  related  to  the  instructional  strategies  employed  in  this  study. 
The  memory  structure  entitled  "ullages"  is  of  particular  importance  because  /two 
of  the  teaching  strategies  used  as  treatments  present  to  the  student  images  that 
may  aid  his/her  problem  solving  skills  (rule  application).    These  strategies  are 
the  use  of  analogies  in  which  chemical  species  are  ccnpared  to  physical  objects, 
and  the  use  of  diagrams  that  represent  the  step£  in  problem-solving  processes. 
The  other  two  strategies,  the  factor-label  method  and  proportionality,  are  related 
to  the  memory  structure  called  intellectual  skills.    Ihese  two  methods  attempt  to 
instill  in  the  student  systematic  procedures  for  problem  solving,    ftice  acquired 
by  the  student,  each  could  \>e  called  an  intellectual  skill. 

Ihe  major  difference  in  the  four  strategies  is  that  in  the  first  two  cas£s, 
emphasis  is  placed  on  the  student's  image  forming  capability.    The  student  can 
then  use  this  in  conjunction  with  the  intel  Jbtual  skills  that  he  formulates  and 
that  are  not  stressed  in  the  instructional  units.    In  the  latter  two  cases,  th? 
acquisition  of  the  intellectual  skill  is  directly  taught  but  without  the  aid  of 
ijnaginal  adjuncts. 
Verbal -Visual  Preference 

As  mentioned  in  the  previous  section,  two  of  the  instructional  strategies 
involved  the  use  of  images,    ih^  work  of  Paivio  U969,  1971)  has  been  the  basis 
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PROPOSITIONS , 


KNOWLEDGE  STATING 


RECALL/TRANSFER 
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Figure  l.„  Memory  structures  and  learning  outcomes.    (Modified  from 
Gagne  and  White,  1978) 
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for  much  of  the  renewed  interest  in  mental  imagery.    In  his  review  article  (1909) 
and  iiuhis  book  (1971)  he  has  shown  that  the  imagery  envoking  ability  of  nouns 
was  separate  from  the  previously  used  idea  of  meaningfulness. .  Mis  theory  class - 
'  ifies  nouns  as  either  being  'abstract*  (lacking  in  imagery  envoking  ability)  or 
'concrete'  (high  in  imagery  envoking  ability).    He  posulates  a  dual  coding  model 


1  ) 

hypothesis  of  independent  verbal  and  imaginal  memcn^y  coding  structures,  His  * 
later  experiments  with  Csapo  (1973)  tended  to  support, his  dual  coding  hypothesis.       •  ^ 

Other  theorists  have  discussed  imagery  to  some  extent.    Bruner  et  al.  (19bb) 
tends  to  view  imagery  (iconic  representation^  as  a  more  primitive  state  of 
thought  than  verbal  processes-  (symbolic  representation).    In  their  view,  the 
imagery  function  diminishes  as  the  verbal  processes  stabilize  (age  7-8).    Piaget  ° 
(Piaget  and  Inhelder,  1971)  takes  a  view  more  along  the  lines  of  Paivio's  dual 
coding  model.    While  Piaget  suggests  t^at  the  imager}'  ability  of  children  goes 
through  stages  in  somewhat  a  similar  fashion  to  verbal  ability,  he  indicates 
both  modes  of  representation  are  available  and  used  depending  on  the  learning 
situation.    Work  by  Fprisha  (1975)  in  which  she  measured  the  relationship  between 
imagery  ability  and  verbal  ability  and  its  change  with  age  tended  to  support 
Piaget/Paivio  theory  of  independent  abilities  instead  of  the  Bruner  thfeory. 

The  recent  ACT  model  Of  cognition  developed  by  Anderson  (1976)  tends  to 
Take  a  more  propositional  view  of  the  representation  of  knowledge.    While  he. 


states  his  model  dbes  not  completely  refute  the  dual  coding  hypothesis  of 
Paivio  he  indicates  that  many  of  the  results  that  have  been  found  to  support 
the  dual  coding  hypothesis  may  be  explained  By  a  propositional  network  repre- 
*     sentation  (p.  23,  394,  404). 

A  slightly  different  approach  to  the  theory  of  cognition  is  taken  by 
Munro  and  kigney  (1977).    Ihcir  model,  labeled  schema  theory,  is  less  centralized  / 

o 

,  than  {he  Anderson- model  and  alloy  the  How  of  processing  control  to  be  determined 
by  the  interactions  among  the  conceptual  entities  (schemata)  that  make  up  the  model. 

ERIC  '11  . 


Imagery  could  be  considered  to  be  interactions  among  schemata  at_a  deep  level 
of  processing.  , 

Several  studies  by  Holliday  and  his  associates  have  looked  at  comparisons 
of  imagery  and  verbal'  instructional  strategies,  in  science  .instruction.  In 
three  studies  by  Holliday  (1975,  l97ba,b)  the  results  point  towards  the  super- 
iority  of  a  dual  presentation  of  verbal  p^us  diagram  techniques  versus  -strictly 
Verbal  presentations.    Other  studies  by  Holliday  and  Harvey  (1976)  and  Holliday, 
Brunner  and  Donais  (1977)  tendvto  support  the  dual  coding  model  although  ordinal 
interactions  with  verbal  ability  in  some  studies  (Holliday,'  1976;  Hoiliday, 
Brunner  and  Donais,  1977)  made  direct  interpretation  difficult. 

Earlier  work  by  Weisberg  (1970) ,  Dwyer  (1972)",  and  Arnold  and  Dwyer  (1975) 
also^  tends  to  support  the  claim  that,  both  adults  and  children  learn  scientific 
concepts  better  when  pictures  or  images  are  presented.    As  with "the  previous 
studies,  however,  these  experiments  did  not  deal  with  problem  solving. 

Studies  in  .which  problem  solving  was  the  instruction  being  undertaken  are 
less  common  in  the  literature.    Ernest  (1977),  in  her  imagery  review  article, 
denotes  only  one  page  of  thirty-five  to  the  topic  on  imagery  and  problem  solving. 

Early  work  by  Frandsen  and  I  folder  (1969)  used  a  spatial  relations  test  as  * 
the  measure  of  imagery  and  then  developed  instruction  for  experimental  versus 
noninstructional  control  groups.    Significant  gains  were  made  by  the  instructed 
grcqpTpver "the  control ^group,  but  only  for  low  spatial  ability  students. 

Dreistadt's  (1969)  use  of  'visual  pictorial  analogies'  produced  significant 
results  for  students  who  had  the  analogies  as  compared  to  the  control  group.  This 
is  consistent  with  the  results  of  Atkinson's  (1975$  Atkinson  and  Raugh,  1975)- 
uork  with  analogies  -and  second  language  learning.    Although  the  analogies  used 
by  Atkinson  were,  not  visual  they  were  of  a  nature  such  that  students  using  them 
-     usually  produced  an  image  of  the  foreign  word  in  a  visual  situation.  Atkinson 
uses  the  example  (1975)  of  the  Spanish  work  for  duck  pato  (pronounced  "pot-o"). 
Ihe  English  'keyword'  is  pot  and  the  student  is  encouraged  to  visualize  a  duck 
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with  a  pot  on  its  head.    Strong  results  have  been  shown  for  this  'keyvrrd1 
technique  for  both  Spanish  and  Russian  vocabulary Y 

Other  studies  in  which  an  imagery  component  has  seemed  to  make  a  differ- 
ence are  Shaver,  Pierson,  and  Lang's  (1974)  work  on  syllogistic  reasoning 
problems  and  their  relrlionship  to  imagery  and  the  computer-generated  graphics 
experiments  of  Rigney  and  Lt^tz  (1976).    Shaver  et  al.  showed  that  spatial  type 
problems  resulted  in 'fewer  errors  and  Rigney  and  Lutz's  experiments  indicated 
that  verbal -graphical  instruction  was  superior  to  verbal  instruction  on  a 

chemistry  concept.  - 

*  \  /> 

In  sunmary,  the  literature  indicates  that  thesuse  of  techniques  that  allow 

mental  imagery  as  an  alternate  method  of  coding  are  superior  to  strictly  verbal 
techniques  for  many  students.    However,  neither  the  dual  coding  hypothesis  or 
the  propositional  network  theories  .-can' completely  explain*  all  results. 
Mathematics  Anxiety 

In  the  past  few  years  thete  has  been  increased  interest  in  mathematics 
anxiety  Ausiander(1977) ,  Blum  (1977),  Mitzman  (197b),  Sells  (1978)  and  Tobias 
*    (1974)  have  shown  that  persons  suffer  from  anxiety  that  is  stimulated  when  they 
are  in  mathsmatical  problem  solving  situations. 

The  relationship  between  mathematics  anxiety  and  science  achievement  has 
been  investigated  for  subject  areas  other  than  cl^mistry.    Barnes  (1977)  has 
shown  that  mathematics  anxiety  is  a  predictor  o.  .emester  grades  for  lower 
division  college  physics  students.    Sherwood  and  Gabel  (1980)  found  that  it 
was  a  weak  predictor  of  success  in  a  basic  sconce  skill  course  for  preservice 
elementary  teachers.    Because  success  in  chemistry  involves  being  able  to  solve 
mathematical  problems,  it  is  likely  that  mathematics  anxiety  and  success  in 
chemistry  are  positively  correlated. 
Proportional  Reasoning  Ability 

Examination  of  the  problems  involved  in  chemistry  shows  that  the  great 
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majority  of  them  require  students  to  use  proportional  reasoning  (Wheeler  and 
Kass,  1977).    Chemistry  students,  however,  find  these  kinds  of  problems  most 
difficult  to  solve.    Data  obtained  in  the  study  by  Gabel  and  Sherwood,  (1979) 
Showed  that  i)Ot  only  the  questions  the  students  found  most  difficult  were  56* 
problems,  but  that  every  prpblem  involved  proportional  thinking.    This  finding, 
however,  comes  as  no  surprise  because  proportional  reasoning  according  to  Piaget 
(Inhelder  and  Piaget,  1958)  is  the  most  primary  schema  th^ characterizes  the 
formal  operational  stage  of  development.    Yet  recent  evidence  indicate    that  at 
least  50%  of  high  school  students  do  not  operate  on  the  formal  operational  level 
(Giiapetta,  1976;  DeCarcer,  et.al.,  1979;  Karplus  and  Peterson,  1970;  Lawson  and 
Renner,  1974;  Lovell,  1961;  Lunger,  1965;  Woliman  and  Karplus,  1974). 

In  the  past  few  years  .there  has  been  an  increased  iriterest  by  science 
educators  in  examining  more  closely  reasons  why  students  have  difficulty  using 
tJie. proportionality  schema  (Karplus,  Karplus  and  tollman,  1974;  Wheeler  and 
Kass,  1977)  and  in  devising  training  programs  that  are  effective  in  teaching 
the  schema  (Kurtz  and  Karplus,  1979;  Wollman  and  Lawson,  1978).    In  the  latter 
two  studies  favorable  results  were  obtained  with  seventh  graders  and  prealgebra 
ninth  and  tenth  graders,  but  the  improvements  were  made  in  ?elation  to  mathematics, 
n<- 1  proportionality  as  applied  to  science. 

flie  most  comprehensive  s*udy  of  chemistry  and  proportionality  has  been  re- 
ported by  Wheeler  and  Kass  (1977).    They  found  that  success  in  chemistry  (par- 
ticularly problem-solving)  was  dependent  on  students  proportional  reasoning 
ability  and  that  frequ<  itly  students  used  an  additive  approach  to  solving  chemistry 
problems.    In  the  conclusions  of  this  study  they  suggested,  as  did  Herron  (1975), 
that  the  use  of  the  factor -label  method  may  aid  students  in  overcoming  this  pro- 
portionality handicap  in  problem  solving. 

This  study  tested  not  only  the  effectiveness  of  the  factor-label  method 
for  use  in  problem  solving  but  three  other  methods  as  well.    The  two  more  . 
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visual  approaches  (analogies  and  diagrams)  might  be  considered  more  concrete 
than  the  verbal  approaches  and  may  be  more  effective  for  concrete  learners 
(students  with  low  proportional  reasoning  ab?  .ty) .    Although  recent  studies 
have  shown  that  concrete  methods  of  instruction  enhance  science  achievement  in 
general  for  both  formal  and  concrete  students  (Gabel  and  Sherwood,  1980a,b; 
Gerson  $  Primrose,,  1977;  Goodstein  and  Howe,  1978;  Renner  and  Paske,  1977; 
and  Sheehan,  1970),  specific  application  to  problem  solving  in  chemistry  has 
not  been  addressed,  and  differential  results  are  feasible. 

The  fourth  method  for  teaching  problem  solving  was  using  proportionality. 
On  the  surface  it  would  apprear  that  this  method  would  be  most  positively 
correlated  with  students'  proportional  reasoning  ability. 

questions  Studied  in  the  Aptitude  X  Treatment  Interaction  Study 

The  following  questions  were  addressed  in  this  study: 

1.  Are  there  differences  in  chemistry  problem  solving  ability  as  measured 
by  scores  on  immediate  and  delayed  posttests  for  the  selected  topics  and  on  a 
final  examination  according  to  students'  proportional  reasoning  ability? 

2.  Are  there  differences  in  chemistry  problem  solving  ability  as  measured 
by  scores  on  immediate  and  delayed  posttests  for  the  selected  topics  and  on  a 
final  examination  according  to  students'  verbal-visual  preference? 

3.  Are  there  differences  in  chemistry  problem  solving  ability  as  measured 
by  scores  on  immediate  and  delayed  posttests  for  the  selected  topics  and  on  a 
final  examination  according  to  students'  level  of  mathematics  anxiety? 

4.  Are  there  differences  in  chemistry  problem  solving  ability  as  measured 
by  scores  on  immediate  and  delayed  posttests  for  the  selected  topics  and  on  a 
final  examination  according  to  the  teaching  strategy  employed? 

5.  Are  there  any  interaction  effects  between  the  teaching  strategy  employed, 
students  verbal -visual  preference,  students'  mathematics  anxiety  level  and 
students'  proportional  reasoning  ability  that  result  in  differences  in  chemistry 
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problem  solving  ability  as  measured  by  scores  on  immediate  and  delayed  post- 
tests  on  each  of  the  four  topics  and  on  a  final  examination? 

0.    Are  there  any  differences  in  chemistry  problem  solving  ability  as 
measured  by  scores  on  the  sum  of  transfer  items  of  the  posttests  according  to 
teaching  strategy  employed,  students1  verbal-visual  preference,  students' 
mathematics  anxiety  level,  and  students1  proportional  reasoning  level. 

7.  Are  there  any  differences  in  chemistry  problem  solving  ability  when 
the  problems  contain  decimals,  according  to  teaching  strategy  employed, 
students1  verbal -visual  preferences,  students1  mathematics  anxiety  level, 
and  sludents1  proportional  reasoning  level? 

8.  Are  there  any  differences  in  chemistry  problem  solving  ability  as 
measured  by  the  ACS-NSTA  Chemistry  Achievement  Test  according  to  the  amount  of 
notation  students  used  in  solving  the  problem? 

9.  bo  students  who  solve  a  chemistry  problem  taught  by  different 
strategies  var>'  in  amount  of  the  notation  they  use  to  solve  the  problem? 

10.  Are  there  any  differences  in  the  amount  of  time  spent  in  completing 

a  lesson  on  the  gas  laws  or  molarity  where  the  teaching  strategy  is  mismatched 
vvitli  the  students'  verbal -visual  aptitude  versus  when  it  is  matched? 

11.  Are  there  any  differences  in  the  time,  spent  in  completing  a  lesson 
on  the  gas  laws  or  molarity  when  the  teaching  strategy  is  mismatched  with 
the  students1  proportional  reasoning  ability? 

Methods  and  Procedures 

Experimental  Design 

The  design  used  for  this  Aptitude  by  Treatment  Interaction  experiment  was 
basically  a  "Posttest  only  Control  Group  Design"  described  by  Campbell  and 
Stanley  (1963,  p. 25).    Figure  2   summarises  the  design. 
Sample 

The  minimum  number  of  subjects  that  Cronbach  and  Snow  (1977,  p. 40)  recommended 

£ 
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A  R  KjO,  W202  W3O3  W404  05  X,0,  Ifr  X3O3  05  YjOj  Y202  Y3O3  Os  Zfo  Z3O3  Os  06 

A  R  Wl0l  H'202  W3O3  W„04  05  XjO,  X202  X3O3  05  YjOj  Y202  Y3O3  Os  Zfy  Zft  ZjOj  Os  06 

A  R  KjO,  W202  W303  W404  05  Xfi  Ifi  1ft  0,  Yfl  Y^  Yft  0,.  Ifi  Zft  Zft  %  06 

A  K  Wl0l  W20,  W303  W404  05  XjO,  X202  X^  0,.  Yfl  Y,02  Y^  05  Zfi  Zft  Zft  %  06 

Where:         A  ■  Aptitude  measures  (proportional  reasoning  test,  mathematics  anxiety  test,  and 
verbal -visual  preference). 
R  =  Random  assignment  of  subjects  to  treatments. 
WXYZ  =  The  instructional  treatments  on  the  four  chemistry  topics  (moles,  gas  laws, 
stoichiometry,  and  molarity.    Subscripts  indicate  the  four  treatments, 
factor-label,  analogies,  diagrams,  and  proportionality). 
0^-0j  3  Inmediate  posttests  given  after  each  lesson.    These  scores  were  summed  for 
the  analysis. 
■  Delayed  posttests. 
Og  «*  ACS-NSTA  Examination  in  High  School  Chemistry. 


Figure  2  .    Stannary  of  design  for  aptitude  x  treatment  interaction  study. 
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for  aptitude  by  treatment  interaction  studies  is  100  per  treatment.  Permission 
was  obtained  from  ten  teachers  and  their  school  corporat ion/principals  in  eight 
school  corporations  in  central  and  southern  Indiana  to  participate  in  the  experi- 
ment.   The  school  systems  involved  included  a  wide  range  of  school  types,  i.e., 
rural/small  towns,  moderate  size  cities,  suburban  and  inner  city.    Three  schools 
could  be  considered  to  be  rural/small  town  high  schools  (school  population  1000 
or  less).    These  three  schools  represented  approximately  2*?  of  the  total  sampler - 
Three  schools  were  from  moderate  size  cities  (school  population  1200-1800).  These 
represented  approximately  50?  of  the  sample.    One  school  was  in  a  suburb  of  a 
major  metropolitan  area  (school  population  approximately  1400).    This  school  re- 
presented ' approximately  lol  of  the  sample.    The  final  school  was  an  inner  city 
school  from  the  same  metropolitan  area  as  the  previous  school  (school  population 
over  2000).    This  school  represented  10°c  of  the  sample. 

From  these  schools,  609  students  in  first  year  chemistry  classes  were 
administered  the  aptitude  measures.    Due  to  schedule  changes,  absences,  and 
missing  data,  421  students  completed  the  entire  experiment),,    Individual  per- 
mission from  the  student  and/or  parent  was  obtained  before  the  commencement  of 
the  treatments.    Copies  of  principal/school  corporation  forms,  student  per- 
mission forms,  and  Human  Subjects  Summary  Safeguard  Statements  are  included  in 
Appendix  A. 

In  addition  to  obtaining  written  consent  from  each  school,  the  principal 
investigator  had  a  conference  with  the  principal  in  each  of  the  eight  schools. 
Its  purpose  was  to  describe  the  objectives  of  the  experiment  and  clarify  pro- 
cedures that  would  be  used. 
Measurement  of  Verbal -Visual  Reference 

Students'  verbal-visual  preference  was  measured  by  a  modification  of  the 
Paivio  Individual  Differences  (Questionnaire  (IDQ) .    A  factor  analytic  study 
recently  reported  by  Faivio  (1979)  indicated  a  strong  two  factor  solution  for  a 
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54  item  subset  (31  verbal,  25  imagery)  of  the  86  item  questionnaire,  Paivio's 
scoring  method  of  producing  a  verbal  and  an  imagery  score,  for  each  person  was 
followed.    Because  the  instrument  utilizes  a  true-false  format,  subjects  were 
given  one  point  of  their  verbal  score  when  they  agreed  with  the  scoring  key  on 
a  verbal  item  and  one  point  on  their  imager/  score  for  agreement.    Items  which 
did  not  agree  were  ignored. 

While  no  direct  measurement  of  reliability  was  reported  by  Paivio  in  thf 
original  de^^pmentT  II97T7  pT  49S)  or  in  the  reeent  factes^analytic  study  >  ~ 

a  shortened  fomi  (15  items)  used  by  Richardson  (1977)   had  a  reliability  of 
0.93  using  the  test-retest  method.    Paivio  did  report  a  correlation  of  gi eater 
than  0.9  between  the  54  item  instrLmient  and  the  longer  86  item  instrument.  Alpha 
reliability  based  on  our  data  of  the  verbal  scale  was  found  be  to  .84  and  of 
the  visual  scale  .73, 

Hie  paper  and  pencil  format  of  the  test  allowed  adiminstration  in  a  relative- 
ly short  time  span  (approximately  20  minutes).    Items  were  coded  directly  on 
optical  scan  coding  sheets.    Appendix  B contains  the  modified  IDQ  and  directions 
for  administration.    Students  were  administered  this  instrument  during  the  first 
three  weeks  of  school  in  seven  of  the  eight  schools.    (Hie  inner  city  school  was 
not  in  session  due  to  a  labor  dispute  and  the  administration  was  delayed  until 
the  end  of  the  semester.) 
Measurement  of  Mathematics  Anxiety 

The  Mathematics  Anxiety  Rating  Scale  was  used  to  measure  students1  mathe- 
matics anxiety.    This  instrument  is  a  98  item, self -rating  scale  in  which  students 
are  asked  to  describe  their  anxieties  as  they  currently  exist.    Each  item  on  the 
scale  represents  a  situation  that  may  arouse  anxiety  within  the  subject.  Ihe 
subject  decides  the  degree  of  anxiety  aroused  and  marks  the  corresponding  amount 
(not  at  all,  a  little,  a  fair  amount,  much,  or  very  much)  on  the  instrument.  In 
order  to  facilitate  scoring,  students  marked  answers  directly  on  optical  scanning 
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sheets  instead  of  on  the  copies  of  the  instrument.    A  copy  of  the  MARS  which 
was  developed  by  Suinn,  is  found  in  Appendix  B. 

Administration  of  the  scale  required  approximately  20  minutes.  Teachers 
selected  their  own  preferred  tune  of  administration  during  the  first  semester. 
The  alpha  relability  of  the  bCale  was  found  lo  be  .97. 
Measurement  of  Proportional  Reasoning  Ability 

The  proportional  reasoning  section  of  the  Staver  (1978)  instrument  offered 
a  compromise  between  conducting  Piagetian  interviews  with  each  student  and  ad- 
ministering a  strictly  paper  and  pencil  xns itruneht.    The  ideal  situation  would  _ 
be  to  administer  clinical  interviews  to  the  students.    The  number  of  subjects, 
however,  did  not  make  this  approach  practical.    The  video -tane  format  with  a 
written  response  sheet  was  used  in  a  modification  of  the  Staver  instrument. 
In  order  to  increase  the  number  of  items,  more  tasks  were  added  to  the  Staver 
instrument.    These  were  the  "two  cylinder  task"  of  Lawson's  (1978)  overall  test 
of  formal  operations  and  the  "disks  task"  developed  by  Wollman  and  Lawson  (1978). 
The  developers  of  these  tasks  indicated  that  they  had  strong  content  validity 
and  the  tasks  were  well  suited  to  a  video-tape  presentation.    Bady  (1978)  has 
indicated  that  multiple  tasks  are  needed  for  Piagetian  task  tests. 

Staver  (1978)  included  both  reasoning  tasks  (Mr.  Short -Mr.  Tall  and  the  - — 
Balance  Beam)  for  a  total  of  eleven  questions.    The  addition  of  the  two  tasks 
allowed  for  ten  additional  numerical  and  reasoning  questions  making  a  total  of 
21  questions'.    The  coefficient  alpha  reliability  estimate  was  .85. 

Administration  time  for  the  instrument  was  approximately  30  minutes. 
Appendix  B  contains  the  written  portion  of  the  instrumenc  and  administration 
instructions.    The  test  was  administered  during  the  same  day  that  the  verbal- 
visual  questionnaire  was  given. 
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Measurement  of  Problem  Solving  Ability  ' 

Problem  solving  ability  was  measured  in  five  different  ways.    These  w§re 
by  immediate  posttests,  delayed  posttests,  the  ACS-NSTA  Chemistry  Achievement 
Test,  transfer  items  from  the  delayed  posttests,  and  decimal  items  from  the 
iimteUiate  posttests.    Each  will  be  discussed  separately. 

Immediate  Posttests,    Students'  immediate  ability  to  solve  numerical 
chemistry  problems  for  each  unit  of  instruction  was  measured  by  their  scores 
on  short  tests  given  afer  each  lesson  within  a  given  unit.    Each  of  the  four 
units  (moles,  gas  laws,  stoichiometry  and  molarity)  contained  three  or  four 
lessons  Jhat  toolTone" To"  two day^ to  complete.    When-  a  student  -cunpleted.  a  _ 
lesson,  he  was  administered  a  multiple  choice  test  of  4  -  6  items  that  con- 
tained problems  similar  to  those  taught  in  the  lesson.    Although  the  test 
quest  ions  for  each  treatment  were  identical,  a  short  reminder  of  the  treatment 
technique  was  printed  at  the  top  of  the  first  page  of  each  test.    This  was 

r 

done  in  order  to  encourage  students  to  learn  to  solve  the  problems  by  the 
method  presented  in  their  own  booklets  and  to  discourage  exchanging  booklets 
with  their  friends. 

Due  to  the  short  length  of  these  tests,  their  proximity  of  administration, 
and  their  similar  domain  of  instruction,  scores  from  tests  on  individual  lessons 
were  summed  to  produce  an  immediate  posttest  score  for  each  unit.    The  t^pes 
of  items  on  these  immediate  posttest  were  similar  for  all  units  in  that  two  of 
the  items  on  each  of  the  tests  were  always  the  same  in  content  but  differed  in 
that  one  problem  presented  data  in  decimals  whereas  the  other  did  not. 

All  of  the  test  items  were  critiqued  by  a  chemist  and  two  chemistry 
\     educators  (not  associated  with  the  development)  for  accuracy  and  appropriateness 
for  the  unit.    The  chemical  educator  reviewers1  comnents  are  found  in  Appendix C 

(bpiesN)f  the  tests  are  found  in  Appendix  D  and  in  Appendix  N  inserted  after 

\ 
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each  instructional  unit.   An  item  analysis  is  found  in  Appendix  l».    Table  I 
gives  the  reliability  and  composition  of  each  of  the  unit  posttests. 

i 

Delayed  Posttests,    Within  two  weeks  after  completing  all  lessons  in  a 
given  unit,  teachers  administered  the  delayed  posttests  for  each  unit.    This  was 
a  ten  item  multiple  choice  test  that  contained  problems  similar  to  those  taught 
in  the  unit  and  in  the  imnediate  posttests.    These  items  were  also  scrutinized 
by  a  chemist  and  chemistry  educator. 

Oi  every  test  at  least  one  transfer  item  was  included.    This  was  a  problem 
that  had  never  been  presented  in  the  instructional  unit  but  the  "student  should 
have  been  able  to  answer  if  he  understood  the  material  that  had  been  presented. 
Table  2  gives  the  reliability  of  the  delayed  posttests.    Copies  oF^tte  unTF~ 
tests  are  found  in  Appendix  D.    They  occur  also  at  the  end  of  each  unit  in 
Appendix  N.    Item  analysis  are  contained  in  Appendix  D.    Reviewers'  comments 
on  test  items  appear  in  Appendix  C. 

ACS-NSTA  Chemistry  Achievement  Test.    The  ACS-NSTA  Cooperative  Examination, 

High  School  Chemistry  Form  1975,  Part  I  was  administered  by  classroom  teachers 

during  the  final  month  of  the  school  year  after  all  four  instructional  units  had 

been  completed.    In  several  schools  both  the  regular  and  scrambled  version  of  the 

test  were  given  to  eliminate  the  possibility  of  cheating.    This  test  is  conmonly 
# 

given  in  schools  as  a  final  examination  and  measures  facts,  concepts,  and  problem 
solving  skills.    Part  I  of  the  1975  examination  was  selected  because  it  contained 
the  largest  number  of  items  that  were  related  to  the  problems  taught  in  the  in- 
structional units.    It  contains  40  items  and  has  an  administration  time  of  40 
minutes.    The  alpha  reliability  of  the  regular  form  was  found  to  be  .75  (n  =  410) 
and.  the  scrambled  form  .55  (n  =  140).    Ten  of  the  40  items  were  directly  related 
to  problems  taught  in  the  units.    Reliability  on  the  regular  and  scrambled  form 
for  asubtest  consisting  of  these  items  were  .67  and  .33  respectively.  Non- 
problem  items  had  reliability  of  .74  and  .37  respectively.    Copies  of  the  instrument 
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Unit 


Table  1 

Description  and  Reliability  Coefficients 
of  Immediate  Posttests  


Moles 
Gas  Laws 
^toichioraetry 
Molarity 


No.  of 
Lessons 


4 

3 
3 

T 


Total  No. 
of  Items 


No.  of 
Cases 


21 . 

* 

12 
12 
15 


498 

496,. 

507 

434 


Coefficient 
Alpha 


.76 
.66 
.73 
.75 
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Table  2 

Description  and  Reliability  Coefficients 
 of  Delayed  Posttests  


17 


Units  / 

; 

i 

Mole$  ;  _ 
Gas  laws 

Stoiqhiometry 

Molarity 

V 


Total  No. 
of  Items 


V 


10 
10 
10 
10 


Transfer 
Items 


4,9 

3,6,10 
5,9 

5,7,10 


No.  of 
Cases 


498 
496 
507 
434 


Coefficient 
Alpha* 


.69 
.73 
.81 
.71 
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are  not  given*  in  the  appendix  because  of  the  confidential  nature  of  the  test 
but  are  available  from  the  lixamination  Conmittee  -  ACS.  An  item  analysis  of 
each  form  of  the  instrument  is  fourd  in  Appendix  D. 

As  a  check  to  see  if  students  were  using  the  strategy  taught  (factor-4 
label,  etc. J  to  solve  the  problems  and  also  to  examine  their  use  of  using  units 
(mneumonic  notation)  students  were  asked  to  show  their  work  £or  problem  12 
(problem  29  on  the  scrambled  version) ,  a  stoichiometry  problem.    Their  responses 
were  then  coded  as  to  whether  student's  used  the  strategy  taught  and  the  dogree 
of  using  notation  (none,  mirtLiial,  complete)1.    Agreement  of  two  raters  in  a 
sample^f  the  responses  (n  -  33)  was  87.8%. 

Transfer  Items  Test.*  Inserted  in  each  of  the  delayed  posttests  was  at 
least  one  transfer  item.    As  mentioned  previously,  these  items  consisted  of 
problem^  that  were  not  directly  taught  in  the  instructional  units.    The  units 
did  contairi  enough  information  so  that  if  students  understood  the  concepts  they 
should  have  been  able  to  work  the  problems.    As  an  independent  check  to  verify 
tliat  these  items  were  truly  transfer  items,  the  tests  and* instructional  units 
were  sent  to  two  chemistry  educators.    They  were  asked  to  identify  any  transfer 
items  given  in  the  tests.-  Agreement  of  one  science  educator  was  901.  Agreement 

t 

of  the  other  vas  80%.    At  least  one  of  tne  two  outside  evaluators  agreed  with 
each  item  included  as  transfer  items. 

The  ten  transfer  items  from  the  four  posttests  were  grouped  together  and 
treated  as  an  additional  dependent  measure.    Ihe  alpha  reliability  of  this  sub- 
test was  found  to  be  .48  (n  ■  434)!    The  non-transfer  items  (30)  had  a  reli- 
ability of  .81  (n  *435) : 

Decimal  Items.    One  of  the  reasons  students  may  have  difficulty  in  solving 
chemistry  problems  is  because  of  their  inability  to  handle  problems  containing 
decimals.    In  order  to  test  this  hypothesis,  the  test  following  every  lesson  in 
each  unit  contained  "two  problems  .that:  were  identical  in  concept  but  differed  in 
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that  one  of  the  prob^ms  contained  decimals  and  while  the  companion  item  contained 
whole  numbers.    These  decimal  items  and  their  companion  items  formed  two  subtests 
across  the  four  instructional  units  containing     litems  each.    The  alpha  reli- 
abilities of  these  subsets  were  .40  and  .57  respectively  (n  =  421). 
Packet  evaluation 

At  the  aid  of  the  semester,  students  were  asked  to  evaluate  the  instructional 
strategy  and  the  materials  tliat  they  used  to  learn  tq  solve  problems.    Students  * 
answered  anonymously  on  the  particular  strategy  they  used.    Questions  were  also 
included  to  determine  how  much  contamination  there  was  between  the  treatments. 
The  questionnaires  used  are  found  in  Appendix  E.  * 
Evaluation  According  to  Time  9 

After  a  presentation  of  the  progress  of  this  project  at  an  NS1;  director's 
meeting  in  March,  1980,  a  suggestion  was  made  that  a  comparison  of  the  length 
of  time  it  took  students  to  complete  units  might  be  of  interest.  Students 
whose  aptitudes  were  in  opposition  to  the  strategy  with  which  they  we.re  taught 
to  solve  problems  might  take  longer  to  complete  the  units  than  students  for 
whom  these  matched.  * 

By  the  time  plans  could  bejmade  to  implement  thes6,  many  teachers  had 
completed  the  units.    It  was  possible  to  have  two  teachers  ask  Students  to  re- 
cored  the  time  spent  to  complete  the  gas  law  lessons  and  three  ceachers  for 
molarity  lessons.    Students  recorded  the  time  when  they  began  a  lesson  and  ; 
the  time  at  which  they  reached  the  supplementary  practice  problems.  Some 
teachers  also  had  students  note  whether  they  used  a  calculator  to  obtain  the  * 
answers. 

Instructional  Treatments 

During  the  fall  semester  of  19J$-80  school  year,  the  four  instructional 
units .according  to  each  of  the  four  teaching  strategies  were  developed.  Each 
unit  consisted  of  a  brief  Teachers 1  Guide  and  Student  Materials. 


The  Teachers'  Guides  (Appendix  F)  contain   a  list  of  prerequisite  skills 
the  students  would  iieed  to  have  accomplished  before  beginning  each  lesson  of 
the  unit,  the  objectives  of  each  lesson*  of  the  unit,  and  answers  to  the  immedi- 
ate posttests  and  to  the  delayed  posttests. 

Students^  Guides  contained  three  to  four  lessons  each  of  which  included 
an  introduction,  several  self -programmed- sections  on  the  concepts  to  be  learned, 
summary  Section  with  extra  practice  problems ,  and  a  sheet  containing  answers 
£nd  solutions  to  the  problems.    These  practice  problems  were  not  presented  in 
the  same  order  as  the  topics  were  introduced  and  were  optional.    The  reason 
they  were  included  was  to  try  to  control  the  amount  of  time  students  in  each 
treatment  spent  studying  the  unit.    If  students  finished  the  required  material 
with  extra  time  before  tue  immediate  posttest  was  to  be  administered  they  were 
directed  to  work  on  the  extra  practice  problems.    The  Student  Guides  are 
found  in  Appendix  N.    Table  3  sunrnarize*  their  content. 

In  addition  to  the  Student  Guide,  students  were  given  a  Review  Sheet  that 
contained  a  brief  summary  of  the  method  used  to  solve  the  problems  and  some 
.sample  problems.    These  were  to  be  used  to  study  for  the  Unit  Tests  because 
^^tchers  had  collected  their  Student  Guides.    Copies  are  found  in  Appendix  C. 

Development  of  the  unitS^vas  a  very  time-consuming  process.    After  the 
first  "draft  of  each  unit  was  completed,  the  units  were  scrutinized  by  a  chemist 
for  chemistry  errors,  clarity  of  wording  and  overall  suitability.    Units  were 
then  revised  taking  into  account  the  suggestions  for  improvement. 

A  final  critique  of  the  units  was  made  by  two  chemistry  educators.*  Their 
conments  are  found  in  Appendix  C  .    They  were  asked  to  make  judgements  about 
the  r9easonaM^ness  of  the  objectives,  the  adequateness  of  the  prerequisite 
skills  and  coverage  of  tne  topics,  the  existence  of  chemistry  errors  and  the 
matching  of  the  instruction  with  the  objectives.    Chemistry  errors  discovered 
at  this  stage  were  sent  to  teachers  via  errata  sheets. 
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Table  3 
Instructional  Units 


Unit 

Lesson 

Title 

Mole  Concept 

1 

The  Mole  as  Number 

Mole  Concept 

2 

The  Mole  as  Volume 

Mole  Concept 

3 

The  Mole  as  Mass 

* 

Mole  Concept 

4 

Mass,  Volume  and  Particles 

Gas  Laws 

1 

Volume  and  Pressure 

Gas  Laws 

2 

Volume  and  Temperature 

uGas  Laws 

3 

Volume,  Temperature  and  Pressure 

Stoichiometry 

i 

Relationships  from  Equations 

Stoichiometry 

2 

Mass  Relationships 

Stoichiometry 

3 

Volume  Relationships 

Molarity 

-  1 

liefinition  of  Molarity 

N^larity 

2 

Diluting  and  Concentrating 

Molarity 

3 

Acid-Base  Reactions 

t 
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Units  were  written  using  four  different  teaching  strategies:  the 
factor-label  method,  the  use  of  analogies,  tlie  use  of  diagrams,  and  pro- 
portionality.   Each  method  had- some  commonalities ,  but  sane  major  differences. 

The  focus  of  the  factor- label  method  was  on  the  importance  of  estimating 
methods  to  obtain  correct  answers  by  looking  at  the  units  of  the  given  values. 
Students  were  shown  how  the  units  'cancel  out1  in  the  calculations  and  how 
incorrect  answers  may  be  determined  by  looking  at  the  units  of  the  answer.  A 
sample  problem  (from  the  mole  as  ideal  gas  volume  unit)  was:    "If  a  sample  O2 
gas  had  a  volume  of  89.0  liters  at  STP,  how  many  moes  would  be  represented?" 
The  factor-label  method  would  indicate  to  the  student  that  they  should  set 
up  tneir  factor  (1  mole  =  22.4  liters)  so  that  the  liters  will  cancel: 

89. b  iTtew  0?  x  jJg^U         ■    4  moles  0? 

L     22.4  tThtt^  L 

The  analogy  method  used  common  examples  to  help  students  understand  the 
relationship  needed  to  solve  the  problem.    Examples  used  both  the  coninon  ex- 
amples and  chemical  examples  to  work  the  problems.    The  gas  law  problems' 
analog)'  was  that  of  a  shipping  carton  of  fruit.    No  matter  what  size  the 
fruit  was  the  volume  for  a  dozen  fruit  was  always  3  pints.    The  problem, 
"How  many  dozen  of  fruit  would  fit  into  a  delivery  box  that  had  a  volume  of 
54  pints?"   was  worked  j     *diately  before  the  89.6  liters  of  O2  problem  was 
shown.    Mathematically  the  analogy  problems  were  identical  to  the  diagram 
problems: 

89.6  liters  02 

—  1      =   4  moles  0 

22.4  liters /mole  L 

The  diagranmatic  method  used  the  diagram  (or  sections  of  the  diagram) 
pictured  in  Figure  3  .    Students  were  shown  that  certain  steps  (boxes  on  the 
diagram)  must  be  taken  in  order  to  reach  the  desired  answer.    In  sane  situations 
(in  which  multiplication  was  used)  the  diagrammatic  and  factor-label  methods 
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MASS 


Atomic  or 
Molecular  Mass 


MOLES 


Figure  3.    Schematic  diagram  for  solving  moles  problems, 
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were  very  similar.    When  division  was  indicated  by  the  diagram,  however,  they 
differed  in  that  the  factor- label  method  used  multiplication  by  a  reciprocal 
rather  than  division.    The  gas  law  problem  would  be  set  up  as: 
89.6  liters  02 

  =     4  moles  0? 

22.4  liters /mole 

The  proportionality  method  ucV  techniques  of  the  form  £  *  £  to  help 

the  students  determine  the  value  of  x.    While  the  fact  that  the  units  'cancel 

out'  to  yield  reasonable  units  for  the  answer  was  discussed,  this  was  not 

emphasized.    For  tlr  gas  volume  problem,  the  students  were  shown  that  the 

problem  could  be  solved  by  the  use  of  a  simple  proportion: 

 X  *   1  mole 

89.6  liters  02        22.4  liters 

(X)  (22.4  liters)  »  (89.6  liters  02)  (1  mole) 

X  =  (89.6  liters  02)  (1  mole)    =    4  moles  02 
(22.4  liters) 

While  all  the  methods  had  differences ,  the  canceling  of  units  was  carried  out 
in  all  four  types. 

The  instructional  units  were  administered  by  teachers  in  their  class- 
rooms.   Prior  to  their  administration,  a  meeting  was  held  which  eight  of  the 
ten  teachers  participating  in  the  study  attended,    (ftie  teacher  had  another 
commitment  and  the  other  was  on  strike.    Procedures  were  explained  to  them 
individually.)    Thp  purpose  of  the  meeting  was  to  give  the  teachers  an  over- 
view of  the  project,  describe  differences  in  instructional  strategies  and 
discuss  procedures  to  be  used  and  appropriate  follow-up  activities  that  would 
be  suitable.    Every  effort  was  made  to  try  to  form  a  partnership  with  the 
teachers  in  doing  the  study. 

The  following  procedures  were  agreed  upon: 

1.    Student*  would  be  assigned  randomly  to  treatments  by  each  teacher 
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dividing  each  of  his  classes  into  four  convenient  groupings .    He  would 
label  these  groups  one  through  four.    Hie  numbers  one  to  four  were  then 
drawn  from  a  lot  at  a  later  date  and  the  teachers  notified  which  instructional 
strategy  corresponded  to  which  number. 

2.  fcach  instructional  strategy  would  be  color  coded  to  facilitate  dis- 
tribution of  the  same  strategy  to  the  same  students  across  the  four  units 
(13  lessons).    The  color  coding  was  a  follows:    factor-label  »  yellow, 
analogies  =»  blue,  diagram  «  green,  and  proportionality  =  pink.  Immediate 
posttests  and  review  sheets  were  color  coded  in  the  same  way. 

3.  Instructional  units  were  to  be  used  in  the  classroom.  Individual 
lessons  would  be  distributed  at  the  beginning  of  the  period.    Students  worked 
on  these  individually  but  they  could  consult  other  students  using  the  same 
strategy  (color)  or  could  obtain  help  from  their  teacher.    The  lessons  varied 
in  length  over  the  various  topics  and  took  between  40  minutes  -  two  hours  to 
complete.    Because  the  length  of  periods  varied  greatly  in  the  schools,  in  some 
cases  students  finished  in  one  period  whereas  in  others  three  periods  were  re- 
quired.   If  students  did  not  finish  aTesson  by  the  end  of  the  class  period, 
the  booklets  were  collected  and  redistributed  the  next  day.    Booklets  eventu- 
ally were  returned  to  the  iniversity. 

4.  Inmediate  posttests  would  be  given  when  the  students  in  the  class  were 
finished  with  the  instructional  booklets.    All  teachers  permitted  students  to 
use  hand  calculators  to  work  the  problems.    Tests  were  corrected  by  the  teacher 
who  then  returned  them  to  the  investigator.    Answers  were  then  transferred  to 
optical  scanning  sheets  for  data  processing. 

5.  After  students  completed  the  lessons,  the  teachers  in  some  instances 
desired  to  follow  up  these  lessons  with  supplementary  work.    In  these  cases, 
teachers  were  asked  to  use  the  method  of  showing  that  the  units  cancel.  This 
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was  common  to  all  four  instructional  strategies.   Although  there  is  no 
guarantee  that  teachers  did  this  in  every  instance,  every  teacher  was 
observed  at  least  twice  and  some  as  many  as  four  times  while  they  were 
administering  the  units  or  taught  their  classes  immediately  following  the 
units. 

6.   After  all  of  the  lessons  in  a  given  unit  were  completed  (including 
the  immediate  posttests) ,  teachers  would  give  a  review  sheet  to  each  student 
that  corresponded  to  the  instructional  treatment  assigned.    The  review  sheet 
which  contained  a  summary  of  the  method  and  sample  problems  provided  the 
student  with  a  study  guide  to  prepare  for  the  delayed  posttests  that  were 
to  be  administered  within  two  weeks  of  completing  the  lessons.    It  was  thought 
that  these  review  sheets  would  encourage  students  to  use  the  same  method  that 
they  were  taught  in  class  but  yet  would  be  too  sketcty  to  enable  students  to 
lear\  a  completely  different  method  than  the  one  to  which  they  were  assigned. 
Teachers  corrected  the  delayed  posttests  and  sent  the  test  sheets  to  the 
university  where  answers  were  transferred  to  optical  scanning  sheets. 

The  teachers1  use  of  the  units  was  monitored  by  visits  to  their  class- 
rooms during  and  after  the  use  of  the  booklets.  Discussions  were  also  held 
with  the  teachers  during  data  collection  visits  and  by  phone  to^determine 
if  any  instructional  problems -had  occurred  with  the  content  of  the  units  or 
with  the  admin is t rational  procedures.  Some  minor  typographical  errors  were 
found  and  corrected.  Overall,  the  instruction  was  applied  as  outlined  in  the 
previous  sections. 

Itypotheses 

TTie  dependent  variables  referred  to  in  hypotheses  1  -  63  are  as  follows: 
1.   Hie  immediate  posttests  (QT)  for  each  of  the  four  instructional 
treatments:    moles  (MO),  gas  laws  (GL),  stoichiometry  (S) ,  and  molarity  (ML). 
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2.  'lhe  delayed  posttests  (T)  for  each  of  the  four  instructional 
treatments  listed  in  1. 

3.  lhe  ACS-NSTA  Chemistry  Achievement  Test  (ACSTOT). 

4.  lhe  ACS-NSTA  Problem  Subtest  (ACSPROB)  and  Nonproblem  Subtest*" 
(ACSNPROB) . 

5.  The  Transfer  Test  made  of  10  items  from  the  delayed  posttests 
(TRANST)  and  the  remaining  items  (NTRANST) . 

6.  The  Decimal  Test  made  of  13  items  from  the  immediate  posttests 
(DECMILQ)  and  the  equivalent  items  (NDEOIILQ) . 

Hypotheses  tested  in  this  aptitude  by  interaction  study  are  as  fo Hows': 

1.  There  is  no  significant  increase  in  the  percentage  of  variance  ac- 
counted for  in  each  dependent  variable  by  the  additiort  of  the  aptitude  of 
verbal  or  visual  preference  to  the  multiple  linear  regression  equation. 

2.  There  is  no  significant  increase  in  the  percentage  of  variance  ac- 
counted for  in  each  dependent  variable  by  the  addition  of  the  aptitude  of 
mathematics  anxiety  to  the  multiple  regression  equation  with  the  variance 
due  to  verbal  and  visual  preference  removed. 

3.  There  is  no  significant  increase  in  the  percentage  of  variance  ac 
counted  for  in  eacji  dependent  variable  by  the  addition  of  the  aptitude  of 
proportional  reasoning  ability  to  the  multiple  linear  regression  equation 
with  tiie  variance  due  to  verbal -visual  preference  and  mathematics  anxiety 
removed. 

4.  There  is  no  significant  increase  in  the  percentage  of  variance  ac- 
counted for  in  each  dependent  variable  by  the  addition  of  dummy  variables 
coded  for  treatments,  with  the  variance  due  to  the  three  aptitude  measures 
removed. 

5.  There  is  no  significant  increase  in  the  percentage  of  variance  ac* 
counted  for  in  each  dependent  variable  by  the  addition  of  a  dunmy  variable 
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coded  Tor  the  factor-label  treatment  with  the  variance  due  to  the  three 
aptitude  measures  removed. 

6.  There  is  no  significant  increase  in  the  percentage  of  variance 
* 

accounted  for  in  each  dependent  variable  by  the  addition  of  a  duimy  variable  - 
coded  for  the  analogy  treatment  with  the  variance  due  to  the  aptitudes  and 
previous  treatment  measures  removed.  ,  ^  m  . 

7.  There  is  nonsignificant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  a  dummy  variable  ' 
coded  for  the  diagram  treatment,  with  the  variance  due  to  the  aptitudes  and 
previous  treatment  measures  removed. 

8.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  combination 
rt  dimir/  variables  coded  for  the  proportionality  treatment  with  the  variance 
due  to  the  aptitudes  and  previous  treatments  removed. 

9.  There  is  no  significant  increase  in  the  percentage  of  variance 

« 

accounted  for  in  each  dependent  variable  by  the  addition  of  the  six  variables 
representing  the  verbal  or  visual  preference  by  treatments  interaction  with 
variance  due  to  aptitudes  and  treatments  removed. 

If  hypothesis  nine  is  rejected,  hypotheses  ten  through  thirteen  will 
be  tested. 

10.  The?  3  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  ttur  variable 
representing  the  verbal  or  visual  preference  by  factor -label  treatment  in- 
teraction  with  variance  due  to  aptitudes  and  treatments  removed. 

11.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  by  analogy  treatment  interaction 
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with  variance  due  to  aptitudes,  treatments  and  verbal  or  visual  preference 
by  previous  treatment  interaction  removed. 

12.  There  is  no  significant  intreasc  In  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  by  diagrammatic  treatment 
interaction  with  variance  due  to  aptitudes*,  treatments  and  the  other 'verbal 
or  visual  preference  by  treatment  interactions  removed. 

13.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  by  proportionality  treatment 
interaction  with  variance  due  to  aptitudes,  treatments,  and  the  other  verbal 
or  visual  preference  by  treatment  interactions  removed. 

14.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  three 
variables  representing  the  mathematics  anxiety  score  by  treatments  inter- 
action with  variance  due  to  aptitudes,  treatment,  and  verbal  or  visual 
preference  by  treatment  interactions  removed. 

If  hypothesis  14  is  rejected,  hypotheses  15  through  18  yill  be  tested 

15.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition-  of  the  variable 
representing  the  mathematics  anxiety  by  factor-label  treatment  interaction^ 
with  the  variance  due      aptitudes,  treatments,  and  verbal  or  visual  pre- 
ference by  treatment  interactions  and  removed. 

16.  There  is  no  significant  increase  in  the  percentage    f  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  mathematics  anxiety  by  analogy  treatment  interaction  with 
variance  due  to  aptitudes,  treatments,  verbal  or  visual  preference  by  treat- 
ment interactions  and  the  previous  mathematics  anxiety  by  treatment  interactions 
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removed. 

* 

17.  There  is  no  significant  increase  in  t^he  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  bf  -the  variable 

representing  the  mathematics  anxiety  by  diagrammatic  treatment  interaction 

* 

with  variance  due  to  aptitudes,  treatments,  verbal  or  visual  perferenqe  by 

-  treatment  interactions,  and  mathematics  anxiety  by  treatment. interactions 
»     removed.  1 

18.  There  is  na  significant  increase  in  the  percentage  of  variance 
accounted  for  in  the  dependent  variable  matrix  by  the  addition  of  the  variable 
representing  the  mathematics  anxiety  by  proportionality  treatment  interaction 
with  variance  due  to  aptitudes ,  treatment ,  verbal  or  visual  by  treatment 
inter   tion  and  mathematics  anxiety  by  treatment  interactions  removed. 

19.  There  is  no  significant  increase  in  the  percentage  of  variance 
accouited  for  in  each  dependent  variable  by  the  addition  of  the  three 
variables  representing  the  proportional  reasoning  ability  by  treatments 
interaction  with  variance  due  to  aptitudes,  treatments,  verbal -visual  pre- 
ference by  treatment  interactions  and  mathematics  artxiety  by  treatment 
interactions  remoyed. 

If  hypothesis  19  is  rejected,  hypotheses  20 -through  23  will  be  tested.  . 

20.  There  is  no  significant  increase  in  «the  percentage  of  variance 
accouited  for  in  each  dependent  .variable  by  the  addition  o^the  variable 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 

—  representing  the  proportional  reasoning  by  the  factor-label  treatment  inter- 
action with  the  variance  due  to  aptitudes,  treatments,  verbal  or  visual 
preference  by  treatment  interactions  and  mathematics  anxiety  by  treatment 
interact  i  ons  removed . 
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21.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  proportional  reasoning  ability  by  analogy  treatment  in- 
teraction with  variance  due  to  aptitudes,  treatments,  verbal  or  visual  by 

^treatment  interactions,  mathematics  anxiety  by  treatment  interactions,  and 
the  previous  proportional  reasoning  by  factor- label  treatment  interaction 
removed. 

22.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  proportional  reasoning, by  the  diagrammatic  treatment  in- 
teraction with  variance  due  to  aptitudes,  treatments,  verbal  or  visual  by 
treatment  interactions,  mathematics  anxiety  by  treatment  interactions  and 
previous  proportional  reasoning  by  treatment  interactions  removed. 

23.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable   by  the,  addition  of  the  variable 
representing  the  proportional  reasoning  by  proportionality  treatment  inter- 
action with  variance  due  to  aptitudes  treatments ,  verbal  or  visual  by  treat 
ment  interactions ,  mathematics  anxiety  by  treatment  interactions  and  pro- 
portional Reasoning  by  treatment  interactions  removed. 

24.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by. the  addition  of  the  three  vari- 
ables  representing  the  verbal  preference  -  visual  preference  by.  treatments 
interactions  with  the  variance  due  to  all  previous  aptitudes,  treatments 
and  interactions  removed. 

» 

If  hypothesis  24  is^iected,  hypotheses,  25  through  28  will  be  tested. 

25.  There  is  no  significant  increase  in  the  percentage  of  variance  • 


ERIC 


31 


accounted  for  in  each  dependent  variable  by  the  a&dition  of  the  variable  - 
representing  the  verbal  pre&rence  -  visual  preference  by  factor-lajel 
treatment  interaction  with  the  variance  due  to  all  previous  aptitudes, 
treatments  and  interactions  removed.* 

^6.~^fhere  is  no  significant  increase  in  the  percentage  of  variance 
Recounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  by  analogy  treatment 
interaction  with  the  Variance  due  to  all  previous  aptitudes,  treatments  and 

interactions  removed. 

27.  There  is  n6  significant  increase  in  the  percentage  of  variance 

accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  by  diagrammatic  treat- 
ment interaction  with  the  variance  due  to  all  previous  aptitudes,  treatments', 
and  interactions  removed. 

28.  There  is  no  significant  increase  in  the  percentage  of  variance     '  . 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable  re- 
presenting the  verbal  preference  -  visual  preference  by  proportionality  treat- 
ment interaction  with  the  variance  due  to  all  previous  aptitudes,  treatments, 
and  interactions  removed. 

29.  There  is  no  significant  increase  in  the  percentage  of  Variance' 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  six  variables 
representing  the  verbal  or  visual  preference  -  mathemrtics  anxiety  by  treat- 
ments Interaction  with  the  variance  due  to  all  previous  aptitudes,  treatments 

t 

and  interactions  removed.   %  [  > 

A 

If  hypothesis  29  is  rejected,  hypotheses  30  through  33  will  be  tested. 

30.  There  is  no  significant  increase  in  the  percentage  of  variance  . 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
repressing  the  verbal  and  visual  preference  -  mathematics  anxiety  by 
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factor-label  treatment  interaction  with  the  variance- due  to  all  previo;is 
aptitudes,  treatments  and  interactions  removed. 

31 f  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  jby  the  addition  of  the  variable 
representing  the  verbal  and  visual 'preference  -  mathematics  anxiety  by 
analogy  treatment  interation  with  the  variance  due  to  ail  previous  aptitudes, 
treatments,  and  interactions  removed.  ; 

32.  Ihere  is  no^ignificant  increase  in  the  percentage  of  variance 
accounted  for  in  eadFdependent  variable)  If  the  addition  of  the  variable 
representing  the  verbal  and  visual  preference  -  mathematics  anxiety  by 
diagrammatic  treatment  interaction  with  the  variance  due  to  all  previous 
aptitudes,  treatment,  and  interactions .removed. 

i  « 

33.  There  is  no  significant  increase  in  the  percentage  of  .variance - 
accounted  for  in  each  dependent  variable  by  the  addition  of  |he  variable 
representing  the  verbal  and  visual  preference  -  mathematics  anxiety  by' 
proportionality  treatment  interaction  with  the  variance  due  to  all  previous 
aptitudes,  treatments,  and  interactions  removed. 

34.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  six  variables 
representing  the  verbal  or  visual  preference  -  proportional  reasoning  ability 
by  treatments  interaction  with  the  variance  due  to  all  previous  aptitudes , 
treatments,  and  interactions  removed. 

If  hypothesis  34  is  rejected,  hypotheses  35  through  38  will  be  tested. 

35.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  -  proportional  reasoning  ability 
by  factor-label  treatment  interaction  with  the  variance  due  to  all  previous. 
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altitudes,  treatments,  and  interactions  removed. 

36..  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  -  proportional  reasoning 
ability  by  analogy  treatment  interaction  with  the  variance  due  to  all 
previous  aptitudes ,  treatments ,  and  interactions  remove  d. 

37.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  -  proportional  reasoning 
ability  by  diagranmatic  treatment  interaction  with  the  variance  due  to 
all  previous-  aptitudes ,  treatments  and  interactions  removed. 

38.  There  is  no  significant  increase  in  the  j^rcentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  varirvble 
representing  the  verbal  or  visyal  preference  -  proportional  reasoning 
ability  by  pro;x>rtionality  treatment  interaction  with  the  variance  due 
to  all  previous  aptitudes,  treatments,  and  interactions  removed. 

39.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  add:tion  of  the  three 
variables  representing  the  mathematics  anxiety  -  proportional  reasoning 
ability  by  treatments  interaction  with  the  variance  due  to  all  previous 
aptitudes,  treatments,  and  interactions  removed. 

If  hypothesis  39  is  rejected,  hypotheses  4J  through  43  will  be  tested. 

40.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  mathematics  anxiety  -  proportional  reasoning  ability  by 
factor- label  treatment  infraction  with  the  variance  due  to  all  previous 
aptitudes,  treatments,  and  interactions  removed. 
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41.    There  is  no  si^iificant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  mathematics  anxiety  -  proportional  reasoning  ability  by 
analogy  treatment  interaction  with  the  variance  due  , to  all  previous  aptitudes, 
treatments,  and  interactions  removed, 

42..  Ihere  is  no  significant. increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  mathematics  anxiety  -  proportional  reasoning  ability,  by 
diagrammatic  treatment  interaction  with  the  variance  due  to  all  previous 
aptitudes,  treatments,  and  interactions  removed. 

43.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  ,for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  mathematics  anxiety  -  proportional  reasoning  ability  by 
proportionality  treatment  interaction  with  the  variance  due  to  all  previous 
aptitudes,  treatments,  and  interaction  removed. 

44.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  eaeh  dependent  variable  by  the  addition  of  the  three 
vaiiables  representing  the  verbal  preference  -  visual  preference  -  mathematics 
anixety  by  treatments  interactions  with  the  variance  due  to  all  previous 
aptitudes,  treatments,  and  interactions  removed. 

If  hypothesis  44  is  rejected,  hypotheses  45  through  48  will  be  tested. 

45.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable  re- 
presenting the  verbal  preference  -  visual  preference  -  mathematics  anxiety 
by  factor- label  treatment  interaction  with  the  variance  due  to  all  previous 
aptitudes,  treatments,  and  interactions  removed. 
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46.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  aHHition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  -  mathematics  anxiety 
by  analogy  treatment  interaction  with  the  variance  due  to  all  previous  apti- 
tudes, treatments,  and  interactions  removed.. 

47.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  -  mathematics  anxiety 
by  diagrammatic  treatment  interactior  with  the  variance  due  to  all  previous 
aptitudes,  treatments,  and  interactions  removed. 

48.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted '  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  -  mathematics  anxiety 
by  proportionality  treatment  interaction  with  the  variance  removed  due  to  all 
previous  aptitudes,  treatments,  and  interactions  removed. 

49.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  three 
variables  representing  the  verbal  preference  -  visual  preference  -  propor- 
tional reasoning  ability  by  treatments  interactions  with  the  Variai(^  due 
to  all  previous  aptitudes,  treatments,  interactions  removed. 

If  hypothesis  49  is  rejected,  hypotheses  50  through  53  will  be  tested. 

50.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  -  proportional  rea- 
soning ability  by  factor-label  treatment  interaction  with  the  variance  diie 
to  all  previous  aptitudes,  treatments,  ani  interactions  removed. 

51.  There  is  no  significant  increase  in  the  percentage  of  variance 
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accounted  for  in  each  dependent  variable  by  the  addition  of  tiie  variable 
^representing  the  verbal  preference  -  visual  preference  -  proportional  rea- 
soning ability  by  analogy  treatment  interaction  with  the  variance  du<*  to 
alJ  previous  aptitudes  treatments,  and  interact ioifc removed. 

52.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  -  proportional  rea- 
soning ability  by  diagrammatic  treatment  interaction  with  the  variance 
due  to  all  previous  aptitudes,  treatments,  and  interactions  removed. 

53.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  -  proportional  rea- 

r 

soning  ability  by  proportionality  treatment  interaction  with  the  variance 
due  to  all  previous  aptitudes,  treatments ,  and  interactions  removed. 

i>4.    There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  six  variables 
representing  the  verbal  or  visual  preference  -  mathematics  anxiety  -  pro- 
portional reasoning  ability  by  treatments  interactions  with  the  variance 
due  to  all  previous  aptitudes,  treatments,  and  interactions  removed. 

If  hypothesis  54  is  rejected,  hypotheses  55  through  58  will  be  tested. 

55.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  -  mathematics  -nxiety  -  pro- 
portional  reasoning  ability  by  factor- label  treatment  interaction  with 
variance  due  to  all  previous  aptitudes,  treatments  and  interactions  removed. 

56.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  eaclr  dependent  variable  by  the  addition  of  the  variable 
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representing  the  verbal  or  visual  preference  -  mathematics  anxiety  -  pro- 
portional reasoning  ability  by  analogy  treatment  interaction  with  variance 
to  all  previous  aptitudes,  treatments  and  interactions  removed. 

57.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  -  mathematics  anxiety  -  pro- 
portional reasoning  ability  by  diagrammatic  treatment  interaction  with 
variance  due  to  all  previous  aptitudes,  treatments,  and  interactions  re- 
moved. 

58.  There  is  no  significant  increase  in  the  percentage. of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  or  visual  preference  -  mathematics  anxiety  -  pro- 
portional reasoning  ability  by  proportionality  treatment  interaction  with 
variance  due  to  all  previous  aptitudes,  treatments,  and  interactions  removed. 

59.  |there  is  no  significant  increa^ in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  three  variables 
representing  the  verbal  preference  -  visual  preference  -  mathem|tics  anxiety 
proportional  reasoning  ability  by  treatments  interactions  with  the  variance 
due  to  all  previous  aptitudes,  treatment^  urn!  interactions  removed. 

If  hypothesis  59  is  rejected,  hypotheses  60  through  63  will  be  tested. 

60.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  -  mathematics  anxiety 
proportional  reasoning  ability  by  factor-label  treatment  interaction  with 
variance  due  to  all  previous  aptitudes,  treatments,  and  interactions  removed. 

61.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
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representing  the  verbal  preference  -  visual  preference  -  mathematics  anxiety  - 
proportional  reasoning  ability  by  analogy  treatment  interaction  with  variance 
due  to  ail  previous  aptitudes,  treatments,  and  interactions  removed* 

62.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent. variable  by  the  addition  of  the  variable 
representing  the  verbal  preference  -  visual  preference  -  mathematics  anxiety  - 
proportional  reasoning  ability  by  diagrammatic  treatment  interaction  with 
variance  due  to  .all  previous  aptitudes,  treatments,  and  interactions  removed. 

63.  There  is  no  significant  increase  in  the  percentage  of  variance 
accounted  for  in  each  dependent  variable  by  the  addition  of  the  variable 
representors  tjbe  verbal  preference  -  visual  preference  -  mathematics  anxiety  - 
proportional  reasoning  ability  by  proportionality  treatment  interaction  with 
variance  due  to  all  previous  aptitudes,  treatments,  and  interactions  removed. 

64.  There  is  no  difference  in  achievement  by  chemistry  students  on 
problems  that  contain  decimals  as  compared  to  equivalent  problems  that  do 
not  contain  decimals. 

05.  There  is  no  difference  in  achievement  as  measured  by  the  ACS-NSTA 
Chemistry  Achievement  Test  by  chemistry  students  according  to  the  amount  cf 
notation  used  in  solving  &  specified  problem. 

06.  There  is  .no  difference  in  the  amount  of  notation  used  in  solving  a 
specified  problem  by  chemistry  students  who  solve  problems  when  taught  by 
different  strategies. 

67.    There  is  no  difference  in  the  amount  of  time  spent  in  completing 
lessons  involving  the  gas  laws  or  molarity  by  students  whose  verbal -visual 
aptitudes  match  the  instructional  strategy  used  in  learning  the  lessons 
versus  students  whose  aptitudes  and  strategies  do  not  match. 

08.    There4  is  no  difference  in  the  amount  of  time  spent  in  completing 
lessons  involving  the  gas  laws  or  molarity  by  students  whose  proportional 
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reasoning  ability  matches  the  instructional  strategy  used  in  learning  the 
lessons  versus  students  whose  aptitudes  and  strategies  do  not  match. 

In  addition  to  the  fomal  testing  of  these  68  hypotheses,  a  questionnaire 
was  administered  to  students  at  the  end  of  the  school  year  to  obtain  their 
general  reaction  to  the  packets.    The  questionnaire  contained  nine  questions 
that  pertained  to  the  usefulness  of  the  materials  and  to  whether  there  was 
any  contamination  of  the  treatments.    Copies  are  found  in  Appendix  E. 
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Statistical  Analyses 

Hypotheses  1  -  63  involved  aptitude  by  treatment  interactions  that  were 
analyzed  using  nultiple  linear  regression  techniques.   As  Cronbach  and  Snow 
(1977,  p.  27)  and  Cohen  and  Cohen  (1975,  p.  229)  have  noted,  classical  analysis 
of  variance  techniques  that  'block'  on  the  aptitudes  to  produce  groups  that  can 
be  labeled  'low',  'medium',  and  'high'  on  a  particular  aptitude  result  in  the 
loss  of  both  information  and  statistical  power.   The  'blocks'  inevitably  have 
unequal  cell  sizes  producing  independent  variables  that  are  not  orthogonal. 

The  alternative  to  the  use  of  ANOVA  techniques  is  the  use  of  multiple 
linear  regression.    'Dummy'  variables  may  be  coded  by  the  treatment  effects 
and  these  used  to  produce  interaction  variables  with  the  aptitudes.  Several 
methods  are  available  for  this  coding.    Cohen  and  Cohen  (1975,  Chapter  Five) 
present  four  methods:   dummy,  effects,; contrasts,  and  nonsense  coding.  While 
the  overall  multiple  R2  and  therefore  the  F  value  are  always  the  same  no  matter 
what  coding  method  is  used,,  the  three  methods  allow  for  different  hypotheses  to 
be  tested  within  the  types  of  treatment. 

In  effects  coding,  as  Cohen  and  Cohen  (1975,  p.  194)  pointed  out,  the  method 
takes  as  its  reference  point  all  of  the  groups  taken  as  an  equally  weighted 
aggregate.    The  null  hypothesis  under  test  is  that  the  dependent  variable  mean 
for  group  i  is  equal  to  the  mean  of  the  means  of  the  dependent  variable  of  all 
the  groups.    This  was  the  question  under  consideration  for  this  research,  there- 
fore "effects  coding  was  used  as  the  method  for  coding  the  treatment  conditions. 
Figure  4  shows  the  coding  diagram. 

The  four  treatments  can  be  fully  represented  by  three  dummy  variables 
(Xj  »  *2  »  x3  )  representing  the  three  degrees  of  freedom  available.  These 
dummy  variables  were  used  to  represent  the  interactions  of  interest.    If  the 
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Dumny  Variables 
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Figure  4.   Coding  of  dmny  variables. 
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aptitude  of  Verbal  Preference  is  represented  by  V,  Visual  Preference  by"!,  and 
Mathematics  Anxiety  by  M,  the  Proportional  Reasoning  Ability  by  P,  the  inter- 
actions produced  were  VI,  VM,  VP,  IM,  IP,  MP,  VIM,  VIP,  VMP,  IMP,  VIMP,  VXj., \ 
VX2,  VX3,  Dtlt  IX2,  IX3,  MX^  MX2,  MX3,  VlXi,  ViX2,  VIX3,  etc.  ^ 

Variables  for  each  dependent  measure  were  entered  into  the  regression 
equations  in  the  following  order: 

Verbal  and  Visual  Preference 

3  i  9 

Mathematics  Anxiety 
Proportional  Reasoning  Ability 
Treatment 

Verbal/Visual  Preference  by  Treatment  Interaction 
Mathematics  Anxiety  by  Treatments  Interactions 
Proportional  Reasoning  Ability  by  Treatments  Interaction 
Verbal  with  Visual  by  Treatments  Interaction  > 
Verbal  or  Visual  with*  Mathematics  Anxiety  by  Treatments  Interaction 
Verbal  or  Visual  with  Proportional  Reasoning  by  Treatment  Interaction 
Proportional  Reasoning  with  Mathematics  Anxiety  by  Treatment  Interactions 
Verbal  with  Visual  with  Mathematics  Anxiety  by  Treatment  Interactions 
Verbal  with  Visual  with  Proportional  Reasoning  by  Treatment  Interactions 
Verbal  or  Visual  with  Mathematics  Anxiety  with  Proportional  Reasoning  by 

Treatment  Interactions 
Verbal  with  Visual  with  Mathematics  Anxietv  with  Proportional  Reasoning 

by  Treatment  Interactions 
The  order  of  entering  the  variables  into  the  regression  equation  was  based 
on  '^weakness"  of  the  aptitude.    The  verbal  and  visual  aptitudes  were  entered  first 
(on  an  equal  basis)  because  from  a  review  of  the  literature  they  appeared  to  have 
the  least  construct  validity,   Mathematics  anxiety  ratings  and  proportional  rea- 
soning ability ^had  increasing  degrees  of  construct  validity  in  the  order  stated. 
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By  placing  verbal  preference,  visual  preference,  and  mathematics  anxiety 
into  the  regression  equation  before  proportional  reasoning  ability,  any  shared 
variance  would  be  considered  in  the  weaker  constructs.   This  would  have  the 
proportional  reasoning  ability  aptitude  uncontaminated  by  the  shared  variance 
(Cohen  and  Cohen,  1975,  p.  527). 

This  study  utilized  univariate  multiple  regression  as  an  analytical  tool 
rather  than  miltivariate  linear  regression  for  the  following  reasons: 

1.    Four  different  chemistry  topics  were  studied.    Although  some  of  these 
have  similarities  (involve  moles)  each  has  distinct  characteristics.    In  particu- 
lar the  unit  on  gas  laws  contains  concepts  quite  different  from  the  other  three 

units.    Because  the  units  were  on  different  topics,  it  was  of  interest  to  determine 

/ 

if  a  particular  strategy  was  particularly  suited  to  a  given  chemistry  topic.  • 

Within  the  units,  the  two  dependent  variables,  unmediate  posttest  and  delayed 
posttest,  were'  analyzed  separate^ec'ause  of  the  different  nature  of  the  tests. 
The  inmediate  posttests  were 'given  Mediately  after  students'  studied  each  lesson 
and  contained  the  strategy/sed  at/  the  top  of  each  test  page.    The  delayed  post- 
tests  had  no  aids  and  included  at  least  two  transfer  items. 

2.  A  multivariate  analysis  would  have  been  most  complex  to  analyze  and  to 
interpret  because  6i  the  15  dependent  variables  involved. 

3.  Correlation  for  most  of  the  dependent  variables  were  modest  ranging 

from  .20  to  .76. 

In  the  instance  where  the  correlation  was  likely  to  be  the  greatest  (moles 
and  stoichiometry) .    Robert  Sherwood,  a  doctoral  graduate  assistant  working  on 
'his  project,  analyzed  the  data  in  this  manner  for  a  doctoral  dissertation  study. 
Sherwood's  (1980)-  results  are  consistent  with  those  found  using  the  univariate 
method. 
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In  the  same  dissertation,  factor  analyses  of  several  measures  utilized 
in  this  study  were  made.   Persons  interested  in  the  factor  analysis  of  the 
verbal -visual  preference  item,  the  proportional  reasoning  ability  test,  and 
several  of  the  measures  of  problem  solving  ability  might  consult  this  dis- 
sertation. 

Hypotheses  64  -  68  were  analyzed  as  follows:  v 
Hypothesis  64.    A  t-test  was  used  to  determine  the  differences  between 
the  two  sets  of  scores. 

Hypothesis  65.    A  one  way  analysis  of  variance  was  used  to  determine 
differences  in  achievement  according  to  whether  students  used  mneumonic 
notation  in  problem  solving.    Differences  between  means  were  examined  using 
the  Scheffe' procedure. 

Hypothesis  66.    A  chi-square  analysis  was  used  to  determine  whether 
students  classi&ed  according  to  strategy  taught  used  no,  some,  or  extensive 
notation  in  problem  solving.  N- 

Hypothesis  67.    2  x  "  analyses  of  variance  were  used  to  determine  differences 
in  time  spent,  according  to  matched  or  mismatched  strategies  and  verbal  and  visual 
aptitudes.  .  Students  were  classified  as  having  a  v^ual  method  of  instruction  if 
they  used  "the  analogy  or  diagrammatic  method.    Students  using  the  factor-label 
method  orjjroportionality  comprised  the  verbal  methods  group.    Students  with 
scares  less  than  14  were  considered  low  verbal;  those  equal  or  greater  than  1 
were  classified  high  verbal.    The  cut  off  point  for  the  imagery  scores  was  18. 
These  numbers  were  selected  because  their  use  divided  the  students  into  two 
groups  of  approximately  the  same  size. 

Hypothesis  68.    This  hypothesis  was  tested. using  2x2  analyses  of  variance. 
Students  were  clarified  as  high  or  low  in  proportional  reasoning  ability 
according  to- whether  their  score  was  less  than  14  or  equal  to  or  greater  than  14. 
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The  proportiort^reasoning  teaching  strategy  was  singled  out  as  the  one  ^ 
that  matched  proportional  reasoning  ability.    Students  using  the  factor-label 
method,  analogy  method  and  diagrammatic  method  formed  the  non-proportional 
reasoning  teaching  strategy  group. 

Missing  data  for  the  aforementioned  analyses  was  handled  in  the  same  way. 
If  a  single  item  on  a  test  was  left  blank,  a  zero  was  used  as  the  score.  If 
one  immediate  posttest  was  missing,  the  g^djgjp  waS  substituted.    If  more 
than  two  dependent  measures  were  missing,  the  student  was  dropped  from  the  - 
study.    In  cases  where  the  score  on  a  dependent  measure  was  replaced  with  the 
grand  mean,  the  number  of  degrees  of  freedom  was  reduced  by  one. 

Analysis  of  the  questionnaire  was  made  informally  by  tabulating  conments 
where  possible  and  presenting  data  in  terms  of  percentages. 
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"  Results       "  — -  —   

Results  of  the  aptitude  by  treatment  interaction  study  are  sunmarized  in 
Table  4.   Appendix, H  gives  summary  tables  o^  the  multiple  regression  analyses. 
Results  are  given  in \tems  of  individual  hypotheses.   For  all  dependent  vari- 
ables a  general  regression  equation  and  a  main  effects  regression  equation  were 
calculated.    Because  these  equations  pertain  to  several  hypotheses,  they  are  not 
included  with  the  information  en  the  main  effects  (hypotheses  1-4)  but  appear 
with  discussion  of  the  first  significant  interaction  effect*    If  there  were  nq 
significant  infractions,  the  tables  appear  after  the  discussion  of  those  that 
wpre  significant. 

Hypothesis  1    .  t 

Regression  coefficients  and  the  change  in  R2  for  hypotheses  one  through 
three  are  given  in  Table  5 .    Examination  of  Table  4  shows  that  the  verbal  pre- 
ference hafd  no  relationship  to  -students  performance  on  the  dependent  measures. 
In  three  instances  visual  preference  was  related.    Students  with  high  visual  - 
preference  scored-higher.   However  this  accounted  for  only  1  or  2  percent  of 
the  variance; 

v 

Hypothesis  2  . 

w — .  ■  ■ "  - ' 

Students'  mathematics  anxiety  was  related  to  students1  performance  on  all 
dependent  measures.  Table  ^shows  that  it  was  significant  at  the  .Ot  lfevel  in 
dlmost  every  case.    Table  5j  shows  that  there  was  a  negative  relationship,  that' 

is,  students  whe^had  a  higher  degree  of  mathematics  anxiety  had  lower  chemistry 

> 

achievement .   Jhe  percentage  of  variance  for  which  mathematics  anxiety  accounted 
ranged  from^l.O  to  4.7  percent,  the  latter  referring  to  the  Transfer  Item  Test. 
This  seems  reasonable  as  this  dependent  measure  was  the  most  difficult  of  thosfe 
used  in  tfie  study. 
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Hypothesis  3 

Table  4  indicates  that  students'  proportional  reasoning  ability  was  related 
to  students'  success  on  every  department  measure  at  the  ,01  level.    From  Table  5, 
one  can  see  that  as  students'  proportional  reasoning  ability  ^increased,  so  did 
their  chemistry  achievement.    Proportional  reasoning  ability  was  more  strongly 
related  to  performance  than  any  other  aptitude  or  aptitude  interaction  measured 

A 

in  the  study.    The  percentage  of  the  variance  accounted  for  ranged  from  3.0%  to 
1&.7%.   The  greatest  amount  of  variance  accounted  for  was  in  the  ACS-NSTA  Test 
which  is  particularly  complex,  and  requires  formal  reasoning  skills  for  many 
questions . 
Hypotheses  4-8 

The  particular  strategy  (treatment)  that  students  used  to  learn  how  to 

solve*  the  chemistry  problems  in  the  four  units  o"  instruction  had  a  significant 

effect  on  achievement  in  a  limited  way  as  can  be  s  *n  from  Table  4.    In  only 
« 

three  cases  was  there  a  significant  difference.     hese  were  for  the  Moles  and 
Gas  Laws  Inmediate  Postjtests  and  for  the  Gas  Laws  Delayed  Posttest.    Table  24 
shows  that  students  who  were  taught  by^  the  factor-label  method  scored  significantly 
higher  on  the  Moles  Immediate  Posttest  apd  students  who  used  the  proportionality 
method  scored  significantly  lower.    All  comparisons  were  made  with  the  grand  ^ean. 

Table  71  shows  that  this  is  not  the  case  withs.achievement  on  the  Gas  Laws 
Immediate  Posttest.    For  this  unit  the  proportionality  method  was  the  most  effective 
whereas  both  the  diagram  and  analogy  methods  were  the  least  effective.    This  ^ 
a  reasonable  finding  because  the  gas  laws  are  stated  in  terms  of  proportion  ar*d 
students  were  l'kely  to  memorize  the  formulas  according  to  the  proportionality 
method.    In  this  particular  unit,  the  diagram  was  more  complex  than  in  the  other 
three  units  and  the  analogy  may  have  been  easily  forgotten.    Tabic  89  shows  that 
on  the  Gas  Law  Delayed  Posttest  a  similar  result  is  found  although  the  mean  of  the 
diagram  method  is  not  statistically  different  from  the  grand  mean. 


ERLC 


48 

Hypotheses  9  -  13 

Although  no  verbal  preference  by  treatment  interaction  was  found  on  any 
dependent  measure  a  visual  preference  x  treatment  interaction  was  found  for 
achie  ement  as  measured  by  the  ACS-NSTA  Examination  in  High  School  Chemistry. 
Results  are  found  in  Tables  6-11  and  have  been  diagrammed  in  Figure  5-  Stu- 
dents with  low  visual  preference  using  the  analogy  treatment  scored  higher  on 
this  test.  *  * 

These  results  were  entirely  unexpected.    It  was  postulated  that  if  a  stu- 
dent had  a  high  visual  preference,  then  using  a  visual  mode  (  analogies  or 
diagrams)  would  produce  superior  results.    The  explanation  may  perhaps  be  that 
when  students  who  did  not  have  a^yisual  preference  were  forced  to  use  a  visual 
presentation,  this  required  them  td  pay  a  greater  amount  of  attention  to  what 
they  were  doing  and  they  therefore  achieved  more.  ^Why  this  result  is  not  con- 
sistent for  all  the  other  dependent  measures  is  inexplicable. 
Hypotheses  14  -  18 

No  significant  differences  were  found  for  the  mathematics  anxiety  by 
treatments  interaction. 
Hypotheses  19  -  23 

The  proportional  reasoning  ability  by  treatment  interaction  was  shown  to 
exist  for  the  Nontransfer  Items  Test  only.    Results  of  this  analysis  are  given 
in  Tables  12  -  17  and  are  diagrammed  in  Figure  6.    For  the  sake  of  comparing  the 
Nontrans;fer  Items  Test  results  with  the  Tmasfer  Items  Test  results,  Tables  18  - 
22,  for  the  Transfer  Items  Test  are  included.    A  diagram  of  th$x  Transfer  Items 
Test  results  is  given  in  Figure  7. 

For  the  Nontransfer  Items  Test,  students  with  low  proportional  reasoning 
ability  who  used  the  diagrammatic  method  were  the  least  successful,  whereas  stu- 
dents with  high  proportional  reasoning  ability  who  used  the  diagram  were  the  most 
successful.    Figui.  7  shows  that  this  did  not  hold  for  the  students  who  used  the  x 

diagranmatic  method  for  the  Transfer  Items  Test.    From  the  diagram  given  in  Figure  7 

< 
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it  is  rather  surprising  that  no  significant  difference  existed  for  the  factor- 
label  x  treatment  interaction.    It  may  have  been  that  there  were  in  reality 
very  few  low  proportional  reasoning  students  who  were  assigned  to  the  factor- 
label  method  where  the  crossing  actually  occurred.  Why  an  interaction  occurs 
for  the  Nontransfer  Items  Test  is  not  known  except  that  possibly  the  diagrams 
were  complex  and  required  proportional  ieasoning  ability. 
Hypotheses  24  -  28 

A  verbal  x  visual  x  treatment  interaction  was  found  to  be  significant  on 
the  Moles  Inmediate  Posttest.    Tables  23  -  28  show  the  analysis  and  the  results  , 
are  shown  picturially  in  Figure  8.'  Students  with  low  verbal  preference  and  low 
visual  preference  scores  and  the  analogy  method  did  poorly  on  the  test  whereas 
those  with  low  visual  and  verbal  preferences  using  the  proportionality  method 
scored  high.    However,  if  students  had  a  high  verbal  preference  and  low  visual 
preference,  the  analogy  treatment  was  best,  and  the  proportionality  treatment 
the  worse. 

Results  of  this  same  interaction  are  given  for  comparison  sake  for  the  other 
immediate  posttests  even  though  findings  were  not  significant.    Tables  29  -  30 
and  Figure  9  show  that  the  trend  is  the  same  for  the  Gas  Laws  Immediate  Posttest. 
For  the  Stoichiometry  Immediate  Posttest,  the  results  given  in  Tables  31  and  32 
and  Figure  10,  are  not  consistent  with  moles  and  the  gas  laws.    For  the  low 
verbal,  low  visual  students,  the  analogy  treatment  appears  best.    For  the  molarity 
unit,  as  shown  in  Tables  33  and  34  and  Figure  U  the  factor-label  method  appears 
superior,  and  the  analogy  method  the  poorest. 

Because  of  such  differing  findings,  generalization  is  difficult.    At  least 
for  two  units,  however,  for  students  of  both  low  verbal  preference  and  low  visual 
preference,  the  proportionality  approach  appears  superior.    Che  wonders  what  actually 
characterizes  students  who  have  both  a  low  verbal  and  low  visual  preference  for 
learning.   At  the  onset  of  the  research,  it  was  thought  that  these  two  approaches 
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were  rwtually  exclusive.    By  what  approach  would  this  type  of  student  prefer  to 
learnt   Do  they  have  no  preference  for  learning  or  are  they  lethargic?  Beciuse 
it  is  impossible  from  the  research  reported  here  to  characterize  these  students, 
generalization  about  their  approach  to  learning  chemistry  problem  solving  is 
unwarranted . 
Hypptheses  29  -  33 

Significant  interaction  effects  were  found*  for  two  dependent  measures ,  the 
Stoichiometry  Imnediate  Posttest  and  the  Decimal  Subtest,  for  the  visual  prefer- 
ence by  mathematics  anxiety  by  treatment  interaction.    No  significant  differences 
were  found  for  verbal  preference  .Tables  39  -  40  and  Figure  12  present  the  data., 
As  shown  in  Figure  12  for  students  with  low  visual  preference  and  low  mathematics 
anxiety,  the  factor-label  method  was  superior  and  the  diagranmatic  method  inferior. 
However,  this  is  not  the  case  for  low  visual  preference  students  who  had  high 
mathematics  anxiety.    For  these  students^  the  diagranmatic  method  was  best  and 
the  factor- label  the  worse.    For  these  same  students  the  analogy  method  was  also 
better  than  the  other  two  but  as  students  1  visual  preference  increased  these 
differences  diminished  and  the  analogy  method  became  preferred.  * 

Tables  41  -  42  and  Figure  13  give  this  same  information  for  the  moles  unit.  * 
Although  the  findings  are  not  significant,  trends  are  the  same  for  the  low  visual 
and  low  mathematics  anxiety  students.    For  the  low  visual,  high  mathematics 
anxiety  students,  diagrajnmatic  and  analogies  methods  remained  superior. 

For  the  gas  law  unit  shown  in  Tables  43  -  44  and  Figure  14,  little  differences  ' 
are  seen.    However,  analogies  remain  superior  for  the  low  visual  -  low  mathematics 
anxiety  group  and  diagrams  best  for  the  low  visual  -  high  mathematics  anxiety  group. 

Tables  45  and  46  and  Figure  15  give  the  results  of  the  analysis  for  the 
molarity  unit.    Although  it  appears  from  Figure  15  that  results  are  significant, 
they  were  not.    Why  they  were  not  cannot  be  explained  at  this  time.    For  the  low 
visual,  high  mathematics  anxiety  students,  the  diagrammatic  method  was  still 
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superior.    Othe*  findings  were  not  consistent  with  the  trends  for  the  other 

three  units.  ^ 

Results  for  the  Decimal  Subtest  are  given  in  Tables  47  -  52  and  in  Figure  16. 
differences  in  achievement  are  most  pronounced  for  the  students  who  had  low  visual 
preference  and  high  mathematics  anxiety.    For  these  students  the  preferred  method 
of  instruction  was  the  use  of  diagrams.    This  was 'followed  by  the  analogy  method 
(not  significant),  the  proportionality  method  was  poorest  although  not  significantly 
different  from  the  mean.    For  students  with  low  visual  preference  and  low  mathe- 
matics anxiety  the  reverse  is  true.    The  proportionality  method  was  best  (not 
significant)  and  the  diagram  method  the  pooi.st.  \ 

For  -±e  sake  of  comparison,  data  was  analyzed  for  .the  Nondecimal  Subtest. 
This  consisted  of  the  same  problem  except  that  no  decimals  were  given  in  *he 
original  problem.    Data  analysis  is  given  in  Tables  53  -  57  and  in  Figure*  17. 
Although  results  were  not  significant,  a  trend  indicates  that  the  diagram  method 
might  be  superior  for  low  visual.,  high  mathematics  anxiety  students.    For  low 
visual,  low  mathematics  anxiety  students  the  factor- label  method  produced  the 
highest  scores  followed  by  the  proportionality  method. 

The  results  of  this  aptitude  x  treatment  interaction  is  fairly  consistent 
over  the  two  dependent  measures  where  significance  was  found.    In  both  cases,  the 
major  differences  appear  where  students  had  high  mathematics  anxiety  and  low 
visual  preference  versus  those  with  low  mathematics  anxiety  and  low  visual  pre- 
ference.  Means  for  the  cases  of  high  visual  preference  -  high  mathematics  anxiety 
and  high  visual  preference  -  low  mathematics  anxiety  for  the  various  strategies 
did  not  differ  to  any  great  extent.   Moreover,  students  with  high  mathematics 
anxiety  and  low  visual  preference  did  best  with  strategies  that  were  intended  to 
be  visual.    A  possible  explanation  for  the  reason  why  these  strategies  might  be 
best  for  this  type  of  student  combines  the  explanation  given  for  the  visual  pre- 
ference by  treatment  interaction  (Hypotheses  9  -  13)  and  the  students  high  mathe- 
matics anxiety,   As,  mentioned  previously,  it  may  be  that  when  students  who  did  not 
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prefer  to  learn  by  visual  methods  were  required  to  do  so,  they  paid  more  attention 
to  what  they  were  learning  and  consequently  achieved  more .    This  would  be  particu- 
larly true  of  the  high  mathematics  anxiety  student.    The  diagram  method  or  the 
analogy  method  offered  this  student -an  additional  mathematical  terminology,  than 
would  the  more  mathematical  approaches  (factor-label  and  proportionality).  For 
the  low  mathematics  anxiety  student,  the  more  mathematical  and  less  visual  4 
approaches  were  more  suitable.    In  fact,  these  students  who  did  not  have  a  high 
mathematics  anxiety  probably  skimried  over  the -diagrams  and  analogies  and  there- 
fore did  poorly  because  they  did  not  haue  factor-labels  or  proportions  on  which 
to  depend. 
Hypotheses  34  -  38 

c 

These  hypotheses  pertained  to  the  visual  or  verbal  preference  by  proportional 
reasoning  by  treatment  interactions.    No  significant  differences*  were  found  for 
the  visua^  preference  interactions  on  any  dependent  measures.    However,  there  was 
a  verbal  preference  by  proportional  reasoning  ability  by  treatment  interaction  for 
the  Molarity  Delayed  Posttest  scores.    Tables  58  -  63  and  Figure  18  give  the. results. 
For  students  with  low  verbal  preference  and  lpw  proportional  reasoning  ability,  or 
high  verbal  preference  and^high  proportional  reasoning  ability,  the  analogy  approach 
was  best.    When  either  of  these  aptitudes  was  low,  the  analogy  method  was  the  worst 
approach.    Tables  64  -  69  and  Figures  19  -  21  give  the  results  for  the  Delayed  Post- 
tests  of  the  other  three  chemistry  units .    Examination  of  the  figures  shows  that 
these  results  are  not  consistent  across  the  other  units  and  in  fact  no  consistent 
trends  are  apparent  in  the  other  three  units.    Because  no  significant  differences 
were  found  on  other  dependent  measures ,  the  result  is  unique  to  this  one  unit  and 
one  dependent  measifre.    Why  this  particular  analogy  for  this  subject  matter  wrought 
these  results  is  not  known. 
Hypotheses  39  -  44 

A  mathematics  anxiety  by  proportional  reasoning  ability  by  treatment  inter- 
action was  found  for  achievement  on  the  Gas  Laws  Immediate  Posttest.    As  with 
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significant  findings  of  other  interactions  that  involved  mathematics  anxiety,  _ 
major  differences  occurred  with  students  of  high  and  low  mathematics  anxiety  and 
low  values  on  the  other  aptitudes.    Resluts  are  -given  in  Tables  70  -  75  and  in 
Figure  22.    Students  with  low  proportional  reasoning  ability  and  low  mathematics 
anxiety  did  best  with  the  factor-label  and  proportional  method  (not  significant) 
and  worse  with  the  diagram,  method.    For  students  of  low  proportional  reasoning 
ability  and  high  mathematics  anxiety  the  analogy  method  -was  superior  (followed  by 
the  diagram  method  -  not  significant).    The  poorest  method  was  factor-label.  These 
same  results  for  the  factor-label  method  were  found  for  students  of  low  visual  pre- 
ference and  low  mathematics  anxiety,  and  somewhat  similar  results  were  found  for 
the  analogy  treatment .   Apparently  students  who  have  low  mathematics  anxiety  and 
were  low  on  the  other  aptitude  found  the  factor-label  method  attractive,  whereas 
it  is  not  a  good,  method  for  high  anxiety  students.    Results  for  the  other  tnree 
units  although  not  significant  are  included  in  order  to'make  comparisons.  They, 
are  given  in  Tables  76  -  81  and  in  Figures  23-25.    In  every  case,  the  factor- 
label  method  was  best  for  students  of  low  mathematics  anxiety  and  low  proportional 
reasoning  ability.    For  students  of  high  mathematics  anxiety  and  low  proportipnal 
reasoning  ability,  the  diagrammatic  method  appears  to  have  had  the  advantage  (not 
significant),  and  in  two  of  the  three  other  units,  the  factor-label  method  was  the 
poorest  (trend  only) .    When  students  had  a  high  mathematics  anxiety  and  no  compen- 
sating aptitude  (high  proportional  reasoning  ability  or  high  visual  preference) 
the  more  mathematical  approaches  (factor-label  and  proportionality)  were  not 
desirable.    This  is  in  agreement  with  results  found  for  hypotheses  29-33. 

,    Hypotheses  45  -  63 

'      No  significant  four  way  interactions  were > found.    Tables  82  -  100  give  the 
general  regression  equation,  F  tests  for  possible  significant  effects,  and  the 
main  effJcts  regression  equation  for  analyses  of  dependent  measures  wherd  no 
significant  interaction  effects  were  found. 
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Hypothesis  64 

A  significant  difference  between  scores  on  the  Decimal  and  Nondecimal  Sub- 
test was  found  as  shown  in  Table  101.    Students  scored  slightly  better  when  the 
initial  values  given  in  the  problems  did  not  contain  decimals.    If  teachers 
are  interested  in  whether  students  understand  how  to  solve  a  given  problem, 
this  might  be.  achieved  better  if  no  decimals  are  included.    This  is  not  to  say 
that  at  an  intenrtediary  point,  a  decimal  will. not  be  needed  or  that  the  answer 
will  not  be  in  decimal  form.    Although  the  means  of  the  Decimal  and  Nondecimal 
Subtests  are  not  drastically  different,  it  must  be  recalled  that  most  students 
used    calculators  in  solving  the  problems  and  one  might  expect  that  this  usage 
would  obliterate  any  difference  in  scores. 
Hypothesis  65 

In  order  to  test  this  h>pothesis  on  the  use  of  notation  and  achievement, 
students  were  asked  to  show  their  work  in  solving  one  of  the  stoichiometry  prob- 
lems on  the  ACS-NSTA  Cooperative  Examination  administered  at  the  end  of  the 
school"  year.    Students'  work  was  then  classified  into  three  categories:  no 
notation,  some  notation,  complete  notation.'  Results  of  an  analysis  of  variance 
and  the  Schpffe  procedure  are  shown  in  Tables  102  and  103,    The  analyses  in- 
dicate that  a  significant  difference  in  achievement  does  exist  according  to  the 
amount  of  notation  used.    Students  using  complete  notation  achieved  higher  scores 
on  the  test  than  students  who  used  no  and  little  notation. 
Hypothesis  66  v 

This  hypothesis  stipulated  that  there  would  be  no  differences  in  the  amount  of 
notation  used  according  to  the  method  students  were  taught  to  solve  the  chemistry 
problems.    Data  were  analyzed  using  chi- square,  and  the  results  are  given  in  Table 
104.    Although  the  results  are  not  significant  at  the  :05  level,  means  show  that 
students  who  were  assigned  to  the  factor-label  treatment  more  frequently  used 
complete  notation.    This  coupled  with  the  results  of  hypothesis  65  indicates  that 
if  differences  in  aptitude  are  ignored,  this  method  may  be  preferred  over  the 
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/  other  three .  i 
Hypotheses  67 'and  68 

These  two^/hypotheses  pertain  to  the  amount  of  time  students  spent  studying 
a  given  unit  According  to  whether  the  method  used  .(treatment)  matched  or  did 
not  match  their  aptitudes.    Hypothesis  67  dealt  with  verbal -visual  preference 
and  hypothesis  68  dealt  with  proportional  reasoning  ability. 

To  test  the  hypotheses  a  series  of  analyses  of  variance  were  run  for  in- 
•    dividual  lessons  and  for  the  total  time  for  the  gas  laws  and  molarity  units. 
Because  there  were  no  significant  main  or  interaction  effects  for  the  total 
time  and  inconsistent  ones  for  several  of  the  individual  lessons  for  the  verbal - 
visual  preference  and  verbal -visual  treatments  (hypothesis  67)  no  tables  are 
presented.    For  the  proportional  reasoning  ability  and  proportionality  method, 
however,  more  consistent  results  were  found.    Time  spent  in  learning  four  out  of 
six  of  the  individual  lessons  were  significant  at  the  .05  level.    Total  times  had 
a  probability  level  of  .09  for  the  g;s  law  unit  and  .07  for  the  molarity  unit. 
Data  are  presented  in  Tables  105  -  108 .  > ' 

By  comparing  the  Tables  one  can  see  that  any  significant  findings  are  not 
uniform  across  the  two  units  of  instruction.    For  the  molarity  unit,  there  is  a 
main  effect  in  that  students  of  high  proportional  reasoning  ability  completed  the 
unit  in  a  shorter  period  of  time.    This  did  not  hold  for  the  gas  law  unit  where 
differences  in  time  are  not  significant.    For  the  gas  law  unit  there  is  a  signif- 
icant interaction  effect  that  does  not  exist  for  the  molarity  unit.    The  inter- 
action was  not  anticipated.    Students  with  high  proportional  reasoning  ability 
spent  more  time  when  the  proportionality  method  was  used  and  low  proportional 
reasoning  students  spent  more  time  when  they  used  nonproportionality  methods 
(analogy,  diagram,  factor-label).    In  the  molarity  analysis,  although  the  inter- 
action is  not  significant ,  low  proportionality  students  spent  most  time  with 
the  proportionality  method.   This  appears  to  be  more  reasonable. 
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Thy  results  of  the  above  analyses  must  be  interpreted  .extremely  cautiously. 
The  nynber  of  subjects  per  cell  was  quite  low,  and  the  treatments  in  sane  units 
took  longer  to  complete  than  others.    This  was  generally  true  of  the  proportion- 
ality and  analogy  methods/   it  was  for  this  reason  that  extra  practice  problems 

were  included  in  the  larger  aptitude  by  treatment  afteraction  study.    For  this 

>   

analysis,  times  were  recorded  |>efore  students  began  the  practice  problems.  Other 
complicating  factors  were  that  seme  students  used  calculators  and  others  did  not. 
There  was'  little  control  over  whether  students  marked  their  times  properly  or 
spent  part  of  this  time  talking  to  one  another  rather  than  working.    These  two 
hypotheses  were  added  as  a  result  of  the  NSF  director's  meeting  in  March,  1980 
and  therefore  little  planning  could  take  place  to  collect  data  and  have  the 
necessary  controls.   As  a  result  of  the  above  plus  the  additional  factors  of 
only  being  able  to  collect  this  data  from  a  limited  number  of  teachers  over  a 
short  time  $pan  near  the  end  of  the  school  year  with  no  provision  for  students 
to  mark  the  time  in  their  booklets,  makes  the  findings  tenuous.    The  question 
remains -an  interesting  one,  and  probably  should  be  pursued  in  a  more  controlled 
manner  than  was  possible  in  this  study. 
Analysis  of  Questionnaires 

The  questionnaires  that  were  administered  at  the  end  of  the  school  year 
(Appendix  E)  were  aralyzed  by  tallying  data  according  to  treatment  and  teacher. 
It  was  felt  that  responses  were  candid  because  students  were  not  allowed  to 
identify  themselves.    Results  are  given  in  Tables  109  -  111  in  terms  of  the  four 

i 

treatments . 

Table  109  which  summarizes  the  more  objective  questions  shows  that  students 
more  frequently  skipped  over  parts  (or  all J  of  the  diagram  and  analogy  methods 
than  the  factor-label  or  proportionality  method  (question  1).    This  was  supported 
from  student's  answers  to  question  9,  a  free  response  item  where  studentb  listed 
what  they  liked  least.   Many  students  said  that  the  analogies  were  stupid  or 
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insulting  and  the  diagrams  too  complex,  particularly   for  the  gas  law  unit.  In 
general  skipping  the  reading  was  done  more  at  the  end  of  the  year  than  at  the 
beginning,  except  for  the  analogy  unit  where  it  seems  quite  uniform  across  units 
(question  2).    In  many  casqs,  however,  students  commented  that  they  skipped  only 
when  they  understood  the  sample  problems.    If  they  didn't  they  went  back  and  used  t 
the  diagram  and  analogies  to  help  them  understand  the  material. 

Students  in  general  found  the  method  to  which  they  were  assigned  quite  use- 
ful (question  3).    This  was  true  to  a  greater  extent  for* students  assigned  to 
the  factor-label  and  proportionality  method.    Students  used  the  method  all  or 
most  of  the  time  (question  4) . 

Questions  4-7  were  included  to  determine  the  degree  of  contamination 
within  the  study.    Considering  that  the  study  lasted  the  entire  school  year,  the 
10%  contamination  rate  (shown  in  question  5)  is  not  surprising.    This  does  not 
include  students  who  listed  responses  classified  as  "other"  on  the  sunmary.  For 
the  most  part  these  students  said  that  they  learned  to  work  the  problem  by  study- 
ing the  sample  problems  in  the  packet  or  by  using  their  ingenuity.    These  answers 
cannot  be  considered  to  represent  students  not  using  their  own  booklets. 

When  students  answered  question  6  on  how  they  modified  the  methods ,  the 
majority  mentioned  that  they  combined  or  eliminated  steps.    The  high  percentage 
>of  students  that  did  this  for  the  proportion  unit  is  not  unexpected.    The  pro- 
portions took  more  space  to  write  out  and  were  longer  units  because  of  this.  They 
could  easily  have  been  shortened  but  the  investigators  felt  that  all  steps  should 
be  shown  in  the  packets. 

From  question  7,  it  can  be  seen  that  sometimes  students  did  borrow  another 
student's  packet.    Many  mentioned  that  they  were  curious  to  see  whet  the  ether 
packets  contained,  and  really  didn't  use  the  packet  to  learn  a  different  method. 

Question  8  gave  students  an  opportunity  to  state  what  they  liked  most  about 
using  the  packets.    Results  are  listed  in  Table  110  according  to  the  frequency  of 
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response  for  1%  of  the  sample.    Students  most  oftfen  mentioned  that  the  packets 
were  very  explanatory,  had  answers  (solutions)  given,  and  were  fast  and  easy. 

The  most  cannon  thing  that  students  liked  least  was  the  length  of  the  packets 
or  the  fact  that  there  were  too  many*    The  next  most  coronon  complaint" was  that 
they  were  monotonous  and  boring.    This  might  be  due  to  the  fact  that  students 
frequently  expressed  a  dislike  for  problems  and  felt  that  this  was  taking  too 
much  time  from  lab.  

Although  no*  data  is  summarized  in  this  report  according  to  classes  or 
teachers,  it  was  interesting  to  find  variation  in  questions  8  and  9  according 
to  teacher.    Some  students  ^particular  classes  said  that  this  material  was 
easy,  students  in  other  classes  said  it  was  too  hard.    In  some  classes,  students 
complained  that  they  didn't  hav^  enough  time,  whereas  in  another  class  this  was 
never  mentioned.    In  one  particular  set  of  classes  where -students  complained  that 
the  material  was  boring,  test  scores  were  considerably  below  those  reported  by 
all  other  teachers.    For  this  reason,  even  though  more  contamination  of  treatments 
was  possible,  by  having  all  four  treatments  in  each  classroom  the  decision  to 
design  the  study  in  this  manner  probably  minimised  these  other  effects  over  which 
no  control  was  possible. 

Summary  and  Conclusions 
This  aptitude  by  treatment  interaction  study  has  shown  that  the  aptitudes  of 

C 

mathematics  anxiety  and  proportional  reasoning  ability  are  related  to  students 
success  in  solving  problems  in  high  school  chemistry.    Students  of  high  mathematics 
anxiety  score  significantly  lower  than  students  of  low  mathematics  anxiety.  Stu- 
dents of  Tiigh  proportional  reasoning  ability  score  higher  than  students  of  low 
proportional  reasoning  ability.    Both  of  these  findings  are  not  surprising. 
Teachers  are  probably  more  aware  of  the  relationship  of  proportional  reasoning 
ability  and  success  than  the  mathematics  anxiety  relationship.    As  teachers  be- 
come  more  aware  of  the  latter  they  will  probably  incorporate  into  their  lessons 
teaching  strategies  that  will  reduce  this  anxiety. 
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Certain  methods  used  in  this  study  were  less  mathematical  and  more  visual 
than  others.    These  were  the  use  of  analogies  and  the  use  of  diagrams.    The  more 
mathematical  were  the  factor- label  method  and  proportionality.    The  best  method 
in  general  (main  effect)  for  the  moles,  unit  where  less  contamination  could  be 
expected  (used  first  in  all  classrooms)  was  the  factor-label  method  'and  the  worse 
method  was  proportionality.    For  the  ;gas  laws,  however,  in  which  the  laws  them- 
selves are  stated  as  proportions,  the  proportionality  method  was  most  effective 
and  diagrams  and  analogies  least  effective .    These  results  show  that  either  t^ie 
teaching  strategies  are  subject  matter  specific  or  that  the  proportionality  method 
becomes  more  effective  over  time  (the  gas  ]>aws  were  studied  later  in  the  school 
year  in  most  instances) . 

Of  more  importance  than  the  main  effects  in  this  study  was  the  aptitude  by 
treatment,  ihteraetW  findings.    Of  greatest  interest  are  the  results  found  for 
students  of~^gh  mathematics  anxitfEy  and  low  scores  on  another  aptitude.  For 
students  Of  this  type,  the  less  mathematical  approaches  frequently  appear  to  be 
superior.    It  was  found  to  be  rather  consistently  true  that  the  diagram  method 
was  superior  for  Students  of  high  mathematics  anxiety  and  low  visual  preference 
for  the  immediate  post  tests  for  the  four  chemistry  units  (significant  on  trend 
.    in  that  direction).    The  same  was  true  for  the  Decimal  Subtest  (significant)  and 
Nondecimal  Subtest  (trend) .    For  students  having  high  mathematics  anxiety  and  low 
proportional  reasoning  ability,  the  analogy  method,  the  other  less  mathematical 
strategy,  was  best  (significant)  followed  by  the  diagram  method  for  the  Gas  Laws 
Ijimediate  Posttest..  Although  not  significant,  the  diagram  method  appeared  to  be 
v  somewhat  better4  in  two  of  the  other  three  units  on  this  same  dependent  measure. 
These  results  seem  to  indicate  that  students  with  high  mathematics  anxiety 
and  the  absence  of  another  aptitude  (visual  preference  or  proportional  reasoning 
ability)  profit  by  methods  that  contain  supportive  material  that  is  not  mathematical 
in  natur/.    Analysis  of  the  questionnaire  substantiates  this.    Many  students  did 
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not  use  the  analogies  or  diagrams  bu£  skipped  to  the^sample  problem.  These 
stud^its  were  likely  to  be  the  low  mathematics  anxious  students.  (There  was 
no  way  to  check  on  this  because'  students  answered  questionnaires  anonymously.)  - 
Many  students  commented  that  they  tound  the  diagram  and  analogies  beneficial 
and  particularly  so  when  they  didn't  understand  the.  sample  problems.  Several 
commented  that  that  is  when  they  used  the  analogies  or  diagrams.  These  were 
probably  the  mo^e  mathematics  anxious  students. 

These  findings  indicate  that  it  might  be  profitable  for  teachers  to  use 
supplemental,  less  mathematical  approaches  with  high  mathematics  anxious  students 
who  also  are  deficient  in  proportional  reasoning  ability  or  have  low  visual 
preference.    These  methods  might  also  be  profitable  for  either  students  if  they 
are  used  more  directly,  that  is,  taught  to  the  student  by  the  teacher  rather* 
than  from  a  packet.    Students  would  probably  be  less  likely  to  tune  out  the 
teacher  explaining  the  diagram  and  analogy  and/eould  obtain  immediate 
clarification.  ^ 

Two  less  important  findings  from  the  first  phase  of  this  study  were  the 
positive  relationship  between  success  and  the  use  of  notation  in  problem  solving, 
and  the  significant  difference  between  the  Decimal  and  Nondecimal  Subtests. 
Students  should  be  encouraged  to  ^abel  their  numbers  *  if  they  expect  to  be 
successful.    Teachers^  if  they  are  toting  for  the  understanding^  concepts,  . 
should  avoid  using  decimals  ift  test  problems. 
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Table  5 

Main  Effects  Seminary,  Hypotheses  1  -  3V 
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B  AR2 

MARSTOT 
B  4R2 

PPRT 
B  *R2 

MOQT 

-.0240 

.0001 

+.0392 

.0022 

-.0077 

.0241 

+.2006 

.0744 

GLQT 

-.0249 

.0006 

+.0298 

.0034 

-.0051 

.0202 

+.0700 

.0302 

SQT 

-  .0140 

.0004 

+.0375 

.0015 

-.0076 

.0244 

+.1281 

.0725 

KLQT 

-.0154 

.0013 

+.1122 

.0223 

-.0055 

.0150 

+.1583 

.0623 

MOT 

+.0052 

.0017 

+.0269 

.0036 

-.0016 

,0103 

+.1735 

.1125 

GLT 

-.0316 

.0020 

+.0220 

.0019 

-.0048 

.0131 

+.1305 

.0664 

ST 

-.0317 

.0005 

-.0193 

.0005 

-.0090 

.0356 

+.1737 

.0818 

mlY 

-  .0068 

.0000 

+.0109 

.0002 

-.0061 

.0231 

+.1460 

.0595 

ACSTOT 

-.0197 

.0002 

- .0356 

.0018 

-.1026 

.0302 

+.5486 

.1867 

ACSPROB 

+.0092 

.0002 

+.0293 

.0021 

-.0044 

.0215 

+.1966 

.1367 

/aCSNPROB 

+.0069 

.0009 

+.0524 

.0006 

-.0073 

.0236 

+.3937 

.1609 

J 

TR 

-.0170 

.0018 

+.0039 

.0017 

- .0066 

.0468 

+.1745 

.1378 

\ 

\ 

\ 

ntr 

-.0519 

.0001 

+.0318 

.0014 

-.0157 

.0440 

+.4770 

.1455 

DE 

-.0130 

.0003 

+.0575 

.0104 

-.0051 

.0223 

+.1197 

.0742 

I 

NUE 

-.0271 

.0023 

+.0427 

.0133 

-.0048 

.0364 

+.0812 

.0584 

'sUnits 

\H5Tes  (MO) 

/Gas  Laws  (GL) 

/  Stoichiometry  (S) 

Molarity  (ML) 


Aptitudes 
Verbal 
Visual 

Proportional  Reasoning 
Mathematics  Anxiety 


(WQV) 
(WQI) 
(MARSTOT) 
(PPRT) 


Dependent  Measures 

Inmediate  Posttest  (Quiz  Total)  (QT) 

Delayed  Posttest  (T) 

ACS-NSTA  Examination  in  H.S.Chem.  (ACSTOT) 

ACS-NSTA  Problems  Subtest  (ACSPROB) 

ACS-NSTA  Nonproblems  Subtest  (ACSNPROB) 

Transfer  Items  Test  (TR) 

Nontransfer  Items  Test  (NTR)  , 

Decimal  Subtest  (DE) 

Nondecimal  Subtest  (NDE) 

t 


9 
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Table  6 

ACS-NSTA  Chemistry  Achievement  Test  (ACSTOT) : 
.  General  Regression  bquation  


ACSTOT  =    -.0197(V)*-  .0356(1)  -  .10258 (MARSTOT  +  .5486(PPRT) 

# 

132.943(X3)  -  45.975(X2)  -  91.447(X1)  +  5.200 (VX2) 
+  2.645(VX1)  -  8.140(VX3)  -  5.328(1X3)  +  1.085(1X2) 
+  5.292(1X1)  +  .5236(MX1)  -  .7576QK3)  +  .2479(MX2) 
+  6.907(PX2)  +  3.655(PX1)  -  8.789(PX3)  -  .1930(VIX1) 
+  .3486(VIX3)  -  .1975(VIX2)  -  .0165(VMX1)  -  .0261  ' 
(VMX2)  +  .0466(VMX3)  -  .0327(BK1)  .0328(]MX3) 
-  .00736(IMX2)  -  .5980(VPX2)  -  .0193(VPX1)  +  .4938 
(VPX3)  -  .2216(IPX1)  +  .3426(IPX3)  -  .2694(IPX2)  - 
.0238(PMX1)  -  .0346(PM\2)  + .04780(PMX3)  +  .00132 
(VIMX1)  -  .00216(VIMX3)  +  .00103(VIMX2)  ♦  .00513 
(VIPX1)  +  .0258(VIPX2)  -  .  0206  (V.IPX3)  +  .000372 
(VTMXl)  +  .  00506  (VPMX2)  -  .  00279  (VPMX3)  ♦  .00161 
(IPMX1)  +  . 00139 (IPMX2)  -  . 00199 (IPMX3)  -  .0000548 
(VIPMX1)  -  .0001330/IPMX2)  +  . 000127 (VIPMX3) 
>  ♦  14.225 


Where        WQV  (V)    =    15.807  MARSTOT   =  184.546 


WQI  (1)    =    18.020  PPRT        =  12.614 


ERIC 
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Table  7  > 

AtS-NSTA  Chemistry  Achievement  Test  (ACSTOT) : 
 Maxn  Effects  Regression  Equation  

Equation:    ACSTOT  =  -.0114  (MARSTOT)  +  .552  (PPRT)  +  13.819 


V 


7t\ 
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Table  8 

 ^AeS-NSEA  ^Qiemtstry  Achievement  Test  (ACSTOT): 

 F  Tests  for  Possible  Significant  Effects 


Mean  * 

17.969         S.D.  = 

5.568         Cases  =  528 

Max.  =  40 

Predictor 

A  R2 

F 

Sig. Level 

MARSTOT 

.0.3019 

. 03019/. 001526a=  19.78 

.01 

PPRT 

-.18671  ** 

.18671/. 001526  =122.35 

.01 

1X3 
1X2 
1X1 

.00026 
..  .01199 
.00024 

:otw 

.OI249/3  __2Jl 
■  .001526 

.05 

1X3 

.00026 

.00026/. 001520  =  .17 

NSb  ' 

1X2 

.01199 

.01199/. 001526  =  7.86 

.01 

1X1 

.00024 

.00024/. 001526  =  .16 

NS 

T\  fVI 

IMX.5 
IMX2 

.00750 
.00008 
.00020 
.00778 

•°0778/3  -  1.70 
.001526 

NS 

PMXl 
IWX2 

.00144 
.00022 
.00717 
.00883 

.00883/3  =  1.93 
.001526  , 

KS  / 

a' rror  Term  = 

(l-.29786)/475-15  = 

.001526 

K 

NS  =  Nonsignificant 

I 

** 

1 

! 

V 
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Table  9 

ACS-NSTA  Chemistry  Achievement  Test  (ACSTOT) : 
Calculations 'for  "Fourth"  tffect 


Visual  X  Treatment  Interaction 


hffect 


B 


S.E.B. 


1X3 
1X2 
1X1 


+  .158 
-.287 
+.0417 


.103 
.102 
.104 


/ 


B4  =  -  E  Bi  -  -(.158  -  .287  +  .0417)  =  .0873 


S.E.B.4  =  E  S.E.B. i    =    >103  +,.102  +  .104 
-3          *   3 


.103 


B4 
S.E.B.4 


.0873 

nor- 


.85* 


NS 


ERIC 


81 


70 


Table  10 

ACS-NSTA  Chemistry  Achievement  Test  (ACSTOT) : 

t  % 

Visual  Preference  fWQI)  X  Treatment  (XI -X3)  interaction 


Strategy 


Proportion 
Analogy 
Diagram 
Factor-Label 


Dummy  Variables 


X3  =  1 
X2  =  1 
XI  =  1 

X3  =  A  2  =  Xl  -  -1 


.Equatioj>/ 


4 


ACSTOT  =  .15381  +  15.115 

ACSTOT  =  -.33841  +  24.289 

ACSTOT  =  -.01941  +  17.912 

ACSTOT  =  .061S1  +  16.732 


ERIC 
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Table  11 

ACS-NSTA  Chemisti-"  Achievement  Test  (ACSTOT)  : 

Substitution  of  Extreme  Values,  for  ^ 
 WQI  (2  +  23)  \  ,  

PREDICTED 

TREATMENT   ACSTOT 


.31 

P 

15.115 

15.42 

3.54 

P 

15.115 

18.65 

-.68 

A 

24.289  ' 

-23.61 

-7.78 

A 

24.289  - 

16.51 

-.04 

i) 

17.912 

17.87 

-.45 

D 

17.912 

■  17.47 

\12 

F 

16.732 

16.85 

1.41 

Y 

10.732 

18.15 

S3 


Table  12 

Nontransfer  Items  Test  QNTk) :    General  Regression  Equation 

MIR  =  -.0519(V)  +  .0318(1)  -  .0157(MARSTOT)  +  .4770 (PPRT) 
\  -  4.40y(X2)  +  2. 844 (XI)  -  .5345(X3)  -  2*.000(VX2) 

+  .439,2 CVXj)  +  1.569(VX1)  >  .8081(1X3)  -  .2881(1X1) 
+  .4030(1X2)  -  .0802  OKI)  -  .1650  01X3)  +  .1-20101X2) 
+  1.233 (1V2)  •  2.973(PX1T  +  2.797(PX3)  -  .0899 (VIX1) 

-  .0677(VIX3)  +  .0835(VIX2)  -  .00836 (VMX1)  +  .00685 
(VMX2)  +  .0111(VM)C3)  +  .00470  (IMX3)  +  .00402(IMX1) 

-  .00747(IMX2)  +  .109y(VPX2)  -  .0461(VPX1)  -  .1811 
(VPX3)  +  .1750(IPX1)"  -  .2107(IPX3)  -  .0812(IPX2) 

+  .0195(PMX1)  -  .014O(PMK2)  +  .00158(FMX3)  -  .000322 
(VIMX3)  +  .000491 (VIMX1)  -  .000245 (VIMX2)  +  .00204 
(VIPX1J  -    00328 (VIFX2)  +  .0133(VIPX3)  -  .000249 (VPMX2) 
+  .000375 (mtid)  -  .000293 (VPM3)  +  .000846 (IPMX2)  - 
.OOlOl(IPMXl)  +  .000242  (IFMX5)  +  .000000575(VIINX2) 

-  .0000216(VIPMX1)  -  .00000702 (VIPMX3)  +  18.265 

Wiere  WQV  (V)    =    15.807  MARSIOT   =  184.546 

WQI  (T)    =    18.020  PPRT'       =  12.614 


Table  13 

Nontransfer  Itesm  Test  ( NTK) :    iain  Effects  Regression  Lquat 
bquation:    NTK  =  -.0158  (WrtRSTGT)  +  .482  (PPRT)  +  18.935 


87 
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Table  14 

Nontransfer  Items  Test  (NTR) :'  F  Tests  for  Possible  Significant  Effects 


Mean  ■ 

21.234  S.D. 

=5.296         Cases  =  436 

Max.  =  30 

Predictor 

AR2 

• 

Sig. Level 

MARSTOT 

.04400 

.04400/.  001891a=  23.27 

.01 

PPRT 

.14551 

.14  551/.  00  1891  =  76.95 

.01 

VX2 
VX3 
VX1 

.00008 

r\r\t\c\  a  ' 

.00094 
.00458 

w  .UUDOU 

, .00560/,  _  Q07 
.001891 

NSb 

t 

PX2 
PXl 
PX3 

.00209 
.01138 
.00222 
.01569 

•01569/3=  2.77 
.001891 

.05 

PX2 

nn?nQ/  nniRQi  =    1  11 

*UU£U?7/  .  UUIO7I  1*11 

NS 

PXl 

.01138 

.01158/. 001891  =  6.02 

.05 

PX3 

.00222 

.00222/. 001891  =  1.18 

'  NS 

VTPXl 
VIPX2 
VIPX3  0 

.00020 
.00004 
.00896 
.00920 

.00920/3=  ie2 
.001891 

NS  • 

aError  Terp 

=  27583)/383 

=  .001891 

^S  =  Nonsignificant 


* 

S3 


9 
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Table  '15 

Nontransfer  Items  Test  (NTR) :    Calculations  for  "Fourth"  Effect 


Proportional  Reasoning  X  Treatment  Interaction 
^ffect  B  s.E.B. 


PX2  +.0107  .0897 

+.261  .0957 
px^  -.114  .103 

%  =  -I  Bi  =  (.0107+,261-.1.4)  =  -.158 

S.E.B.4  =  I  S.E.B.j  ■  =  .0897  +  .0957  +  .103   =  .0961 
3  3 

t.-__*_     =    -.158    =-1.64  NS 
4     S.E.B.4  .0961 
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Table  16 
Nontransfer  Items  Test  (NTR) : 


Proportional  Reasoning  (P)  X  Treatment  QC1-X3)  Interaction 


Strategy 


Dummy  Variables 


Proportion 
Analogy 
Diagram 
Factor -Label 


X3  =  1 
X2  =  1 
XI  =  1 

a3  =  X2  =  XI  = 


-1 


Equation 


NTR  =  .2757P  +  17.440 
i\TR  =  .4725P  +  14.570 
NTR  =  -7190P  +  11.958 
imi  =  .4382P  +  16.514 


s 


9 


J 


00 
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Table  17 
Nontransfer  Items  Test  (NTR): 
Substitution  of  Lxtreme  Values  *for 
 PPRT  (!->•  21)  


PREDICTED 


PPRT 

X  X  I\X 

NIK 

1 

.28 

P 

17.440 

17.72 

21 

5.79 

P 

17.440 

23.23 

1 

.47 

A 

14.570 

15.04 

21 

9.92 

A 

14.570 

24.49 

1 

.72 

D 

11.958 

12.68 

21 

15.10 

D 

11.958 

27.06 

i 

I 

.44 

I-  - 

16.  514 

16.95 

21 

9.20 

F 

16.514 

25.72' 
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Table  18 

/  _  Transfer  Items  aost  (IUj,:    uaicraj  Heiress ion  lunation 


TR  «  -.0170(V)  ♦  .00392(1)  -  .00656 (MARSTOT)  ♦  .1745(PPUT) 
♦  34.333(X3)  -  19.197(X2)  -  31.051(X1)  +  .3743(VX2)  . 

-  2.165(VX3)  ♦  2.654(VX1)  -  1.458(1X3)  ♦  1.870(1X1) 
+  1.396(1X2)  +  .1540(MX1)  -  .2790(MX3)  +  .1804(MX2) 

•+  .8581  (PX2)  +  1.039(PX1)  -  1.839(PX3)  -  .1474fVIXl) 

/ 

+  .0879 (VIX3)  -  .0433(VIX2)  -  .0125 (VMX1)  -  .00761 
(VMX2)  +  .0177 (VMX3)  +  .0128 (BK3)  -  .00983 (IMX1)  - 
.0110(IMX2)  +  .0514(VPX2)  -  .1344(V1>X1)  +  *1106(VPX3) 
J)-  .0691(IPX1)  +  .0711(IFX3)  -  .0774(IPX2)  -  .00442(PMX1) 

-  .0117 (PMK2)  +  .0167 (PMX3)  -  .000777 (VIMX3)  +  .000727 
(VIMXl)  +  .000498 (VIMX2)  +  .00760 (VIPX1)  -  .000572 (VIPX2) 

-  .00396  (VI PX37/+  .000196(Vim^+  7oM584"(VPNIXl)  - 
.0000997 (VPMX3)  +  .000742 (IPMX2)  +  .000364 (IPMX1)  - 

^1300749 (IPMX3)  -  .0000191  (YTPMX2)  -  .0000364 (VIPMX1) 
+  .00004 16 (VIFMX3)  +  4.984 


Where  WQV  (V)*   •**  15.897  MARSTOT  =  184.546 


WQI  (IJ    -    18.020  PPRT       =  12.614 

/ 


r 
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Table  19  ' 

Transfer  Items  Test  (Tft):  Main  fcffects  Regression  bquation 
Equation:    TR  =  - .00616  - (MARSTOT)  +  .175  (PPRT)  +  5.208 


I 


/ 


96 


82 


Table  20 


Transfer  Items  Test  (TR) :    F  Tests  for  Possible  Significant  Effects/ 


/ 


rr 


Mean  =  5.818 


S.D.  =  1.971         Oses  =  435       Max.  =  10  ^ 


Predictor 


A  R" 


Si^. Level 


MARSTGT 

PPRT 

VIPX1 
VIPX2 
VIPX3 


IPMX2 
IIPMXI 
1 IMPX3 
1 


.046U4 

]l3779 

.\00046 
.00562 
.fr)3l8 
.00926 

.00545 
.00181 
.00046 
.00772 


. 04684/. 001901a=  24.64 
.13779/. 001901  =  72.48  ' 


.00926/ 


3  =  1,62 


.001901 


.00772/, 
.OOlSof 


1.35 


.01 
.01 

NSb 


NS 


*Lrror  Term  =  (l-.27372)/382  =  .001901 


NS  =  Nonsignificant 
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Table  21 
Transfer  Items  Test  (TR) : 
Proportional  Reasoning  (P)  X  Treatment  (XI -X3)  Interaction 


Strategy 

Dummy  Variables 

Equation 

Proportion 

X3 

=  1 

TR  = 

.1064P  +  4. 

318 

Analogy 

X2 

=  1 

TR  = 

.1436P  +  3. 

807 

Diagram 

.\^_  XI 

=  1 

TR  = 

.1936P  +  3. 

354 

Factor- Label 

X3 

»  X2  =  XI  =  -1 ' 

TR  = 

/ 

4684P  +  2. 

823 

9 
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Table  22 
Trans for  Items  Test  (TR): 
Substitution  of  Extreme  Values  for 
 PPRT  (1  -21)  


PREDICTED 

PPRT  TREATMENT  TR 

4.42 
6.55 

♦ 

3.95 
6.82 
,  3.55 
7.42 
3.29 
12.66 


1 

.11 

P 

4.318 

21 

2.23 

P 

4.318 

1 

.14 

A 

3.807 

21 

3.02 

A 

3.807 

1 
JL 

.19 

3.354 

21 

4.07 

D 

3.354 

1 

.47 

F 

2.823 

21 

9.84 

F 

2.823 
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Table  23 

/ 

Moles  Immediate  Posttest  (MOQT) :    General  Regression  Equation 

MOQT  =  -.0240(V)  ♦  .0392(1)  -  .00765 (MARSTOT)  +  .2006(PPRT)  + 
94.073 (X3)  +  7.437 (X2)  -  77.426 (XI)  -  .9.334 (VX2)  + 
2.862(VX1)  -  5.322(VX3)  -  5.195(1X3)  -  .5553(1X2)  + 
4.721(1X1)  +  . 3781 (MX1)  -  .5833(MX3)  -  .0219(MX2)  + 
•  7620(PX2)  +  4.069(PX1)  -  6.328(PX3).  -  .1993(VIX1)  + 
.2767(VIX3)  +  .0.b23(VIX2)  -  .0141(VMX1)  ♦  .  00625  i(VMX2)  + 
.0322(VMX3)  -  .0244(IMX1)  +  .0327(IMX3)  +  .00139(B1X2)  - 
.0207(VPX2)  -  .1286(VPX1)  ♦  .3733(VPX3)  -  .2484(IPX1)  + 
3456 (IPX3)  -  .0241 (IPX2)  -  .0198(PMX1)  -  . 00895 (PMX2)  ♦ 
.0434  (PMX3)  +  .00108 (VIMX1)  -  .  00174  (VIMX3)  -'  .000355 
(VIMX2)  +  .00987 (VIPX1)  -  .000272 (VIPX2)  -  .0195(VIPX3)  + 
.000699 (VPMX1)  +  . 000294 (VPMX2)  -  . 00256 (VPMX3)  +  .00134 
(TMPX1)  +  .000411 (IMPX2)  -  .00242(IPMX3)  -  .0000612 (VIPMX1) 
-  .00000984 (VI PMX2)  +  .000139  (VIPMX3)  +  15.653 

Where     WQV  (V)    =    15.807  MARSTOT   =  184.546 

WQI  (I)    =    18.020  PPRT        =  12.614 


Table  -24 

Moles  Immediate  Posttest  (MOOT) :   Main  Effects  Regress  ion  Equation 


Equation:   MOQT  =  -.00675  (MARSTOT)  +  .197  (PPRT)  -  .887  (X3)  + 
.0471  (X2)  +  .404  *(X1)  +  16.018 


Wiere     MARSTCff   =    184.56      PPRT   =r  12.614 

* 

Strategy  Dumy  Variables  MOQT 

.  Proportion  X3  =  1  16.370a 

Analogy  X2  =  1  17.304 

\r4g»am  XI  =  1        .  17.661 

Factor-Label  X3  =  X2  S^Xl  =  -1  17.693b 


aSignificantly  lower  th&n  mean 
bSignificantly  higher  than  mean 


102 
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Table  25 

Moles  inmediate  Posttest  (MQQT) :    F  Tests  for  Possible  Significant  Iiffects 


Mean   =  17.191 


S.D.    =  3.041 


Cases    =  52S 


Max.  = 


Predictor 


WARSTOT, 


PPRT 

X3 
X2 
XI 


X3 
X2 
XI 

VIX1 
VIX3 
VIX2 

VIX1 

VIX3 

VIX2 

IMX1 
UK3 

MC2 


VPMX1 
VPMX2 
VMPX3, 


R2 


.02408 

.07441 

.02213 
.00126 
.00597 
.02936 

.02213 

.00126 

.005^7 

.01028 
.00316 
.00738 
.02082 

.01028 

.00316 

.00738 

.00849 
.00564 
.00001 
.01214 


.00599 
.00053 
.00000 
.00652 


.02408/. 0O171O7a=  14.08 
.07441/. 0017107  =  43.50 


.02936/3 
.0017107 


5.72 


.02213/.0017107  =  12.93 
~W)126/.  0017107  =  0.74 
.00597/. 0017107  =  3.4.9 


.02082/ 

3    =  4.06 
.0017107 


.01028/. 0017107  =  6.01 
.00316/. 0017107  =  1.85 
.00738/. 0017107  =  4.31 

•01214/3  =  2.37 
".'0017107 


.00652/,^ 
____3/=  1.27 

.0017107 


aBrfor  Term  =  (1-R  fuli)/df  full  = 
tyjS  =  Nonsignificant 


1-. 23699  =  .0017107 
475-29 


21 

Si g. Level 


.01 
.01 

.01 

.01 

•NSb 

NS 

.01 

.05 
NS 
.05 

NS  * 


NS 


9 
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Table  26 


Moles  InrnedAte  Posttest  (MOQT) :    Calculations  for  "Fourth"  Effect 


Factor^Label  Treatment  Effect  (Cohen  and  Cohen,  1975  p. 193)  & 


tg  ■  -8  1  V   df  =  n-k-1 


'  bU  Y  1     ng  ni 


id2 


Y-Y  =  sd  Y  (1-R)     n      =    3.0412  (1-. 13011)     528-29       -  8.176 


n-rrrx  ,  528-7-1-29 


t.  =  -4(-.887  +  .0471  +  .404) 

4  


/075  -isy  +   I   +   l   +  i 
/       _i3T     nr  m 

t    =   1.744  =    2.04         '   Sig.  at  p  <-05 

4  " — 
/  8. 176  (.08964) 

Verbal  X -Visual  X  TreatmenftHi^ 


teraction 


Effect 


S  .E.  B. 


VIXl  -.0194  .00959 

VIX3      ■  +.0235  .0109 

VIX2  .  --0227  .0107 

BU  »  -  I  Bi  -  -(-.0194  ♦  .0235  -  .0227)  =  .0186 

S.E.B.4  =  Z^S.L.B.i    =  .00959  +  .0109  +  .0107    =  .0104 

—3    3 

t4  -     B*        =    .0186  =    1.79  '  NS 

S.E.B.i  .0104 
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r 


•  '90 
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Taljle  27 

Molos  iiiiw\li ate  Post  tost  (MCX1T) :  • 
Verbal  Preference  (WQV)  X  Visual  Preference  (WQI)  X 
Treatment  (XI -X3)  Interaction 


* 

Strategy 

Dummy  Variables 

i 

Equation 

Proportion 

X3  =  1  fi 

MOQT  = 

- . 658V- . 390 1+ . 0337VI+24 . 41 0 

Analogy 

X2  =  1 

MOQT  = 

.619V+.394I-.0295VI+8.949 

Diagram 

XL  =  1 

MOQT  = 

> 

.  241V+ .2431- .0180VI+14 . 361 

-   Factor -Label 

X3  =  X2  =  XI  =-1 

MOQT  •= 

- . 285V-  .0738 1+ . 0133VI+19 . 276 

9 

ERIC 


i  op 


,    Table  28  6 
Moles  Inmediate  Posttest  (MOQT): 
Substitution  of  Extreme,  Values  for 
WQV  (1  +  50)  and  WQI  f 2  +  23)  - 


.  PREDICTED 

WQV  WQI   VI  TREATMENT  .  MOQT 

* 

1-  -.66  '               2  ,  -.78  2        .07  P  24.410  23.04 

30  -.20  *  2  -.78  60      2.02  P  24.410  5.91 

1  -\b6.  "              23  -8.97  23        .08  P  24.410  14.8b 

30  -.20  23  .-8.97  690     23.25  P  24.410  ».95 

1  .62  2  .79  2      -.06  im      8.349  10.30 

30    .  18.57  2  .  79  60     -1.77  A  8.949  26.54 

>  * 

1     %  .62  *23  9.06  23      -.68  A  8.949  17.95 

30  *18;S7  '        23  9/06  690  -20.36  A  8.949  16.23 

1  .24  2  .49  .  -    2     -.04  D  14.361  ,15.05 

30  '7.23  2  J     .49  •      60   -1.08  D  14.361  ,  21.00* 

1  7  .24  23  5.59  23     -.41  D  .  14.3bl  19.78 

30  7.23  23  5.59  690  -12.42  D  14.361  '  14.76 

1  -.28  2  -.15  2      .03  F  19."276  -18.87 

30  -8.55  2  \-.15  60      .80  F  19.276  11.38 

1  -.28  *             23  -1.70  .      23      .31  F  '   19.276  17.60 

30  -8155  *             23  -1.70  690     9.18^  F  19.276  18.21 
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Table  29 

Gas  Laws  Immediate  Posttest  (GLQT) : 
Verbal  Prefer  ace  (WQV)  X  Visual  Preference  (WQI)  X 
Treatment  (XI -X3)  Interaction  


Strategy 


Proportion 
Analogy 
Diagram 
Factor -Label 


Dummy  Variables 


Equation 


X3  =  1 
X2  -  1 
XI  *  1 

X3  *  X2  =  XI 


-J 


GLQT  =-.2663V-.1378I+.0134VI+13.832 
GIQT  «  .3623V+.2743I-.0190VI+4.606 
GLQT  -  .0362V-.00778I-.00121VI+10.525 
GLQT  = - . 1820V- .00908 I+.00686VI+11 . 229 


lOi 
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Table  30 

Gas  Laws  Iniikxliato  Post  test  (GLQT): 
Substitution  of  lixtreme  Values  for 
.WQV  (1  +  30)  aiid.WQl  (2  -»  23) 


PREDICTED 


WQV 

VVQI 

VI 

TREATMENT 

GLQT 

1 

<u-.27< 

2 

-.28 

u 

.03 

13.832 

13.32. 

30 

-7.99  . 

2 

-.28 

60 

.80 

p 

A3. 832 

6.37 

1 

-.27 

25 

■3.17 

25 

.31 

/ 

13.832 

10.70 

30 

-7.99 

23 

-3.17 

690 

9.25 

h 

13.832 

11.92 

1 

.36 

2 

.55 

2 

-.04 

A 

4.606 

5.48 

30 

10.87 

2 

.55 

60 

-1.14 

A 

4.606 

14.88 

1  . 

.36 

23 

6.31 

23 

-.44 

A 

4.606 

10.84 

30 

in  87 

23 

fi  ^1 
\j  .  Ji 

fiQO 

\Jj\J 

-1  X  1  1 
10.11 

A 

4.&0o 

8  fi7 

1 

.04 

2 

-.02 

2 

-.00 

1) 

10.525 

10.54 

30 

1.09 

2 

-.02 

60 

-.07 

D 

10.525 

'  11.52 

1 

.04 

23 

-.18 

23 

-.03 

D 

10.525 

10.35 

30 

1.09 

23 

-.18 

6.90 

-.83 

U 

10.525 

10.60 

1 

-.18 

2 

-.02 

2 

.01 

F 

11.229 

11.04 

30 

-5.46 

2 

-.02 

60 

.41 

F 

11.221) 

6.16 

1 

-.18 

23 

-.21 

23 

.16 

F 

11.229 

11.00 

'30 

-5.46 

23 

-.21 

690 

4.73 

F 

11.229 

10.29 

Ho 
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Table  31 


Stoicnionietr/  Immediate  Posttest  (SQT) : 
Verbal  Preference  (W'QV)  \  Visual  Preference  (VVQI)  X 
 Treat  merit  (a!-X3)  Interaction 


Strategy 

Dummy  Variables 

Equation 

Proportion 

X3  =  1 

SQT  = 

+.0704V+. 07951- .00301VI+7.S29 

Analogy 

X2  =  1 

SQT  = 

■/ 

-.211V-.128I+.00945VI+12.179 

Diagram 

a1  -  1 

SQT  = 

- . 110V- . 03161+ . 00435VI+10 . 379. 

Fact or -Label 

x5  =  X2  =  XI  =-1 

SQT  - 

+ . 190V+ . 231 I - . 0108VI+5 . 605 

c 


llo 
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Table  32 

Stoichiometry  Immediate  Posttest  (SQT) : 
Substitution  of  Lxtreme  Values  for 
W(jV  (1+30)  and  WQI  (2-»23)  

PREDICTED 


inr/vr 

wyv 

WflT 

V  VV^i. 

VI 

TREATMENT 

SQT 

l 

.07 

2 

it 

2 

-.01 

P 

7.529 

7.75 

30 

2.11 

L 

1  is. 

60 

-  18 

.  AO 

P 

7.529 

9.62 

1 

.07 

£g 

i  fix 

23 

-  07 

P 

7.529 

9.36 

 1  QT 

690  

-2  OH 

P 

7.529 

9-39 

30 

2.11 

i 

-.21 

2 

-  •  ZU 

2 

02 

\  A 

12.179 

11.73 

30 

-6.33 

4b 

-  .  ZO 

60 

57 

A. 

12.179 

6.16 

1 

-.21 

25 

-2. 94 

-17 

.ii 

A 

12.179 

«)  24 

3Q 

-6.33 

23 

-2.94 

690 

b.S2 

\  A 

12.179 

9.43 

1 

-.11 

2 

-.06 

2 

.01 

D 

10.379 

10.21 

30 

-3.30 

2 

-.06 

bO 

.26 

D 

10.379 

7.28 

1 

-.11 

25 

-.75 

23 

.10 

D 

10.379 

9.64 

30 

-3.30 

25 

-.73 

690 

3.00 

D 

10.379 

^9.35 

1 

.19 

2 

.40 

2 

-.02 

F 

5.605 

6.24 

30 

5.70 

2 

.40 

60 

-.05 

_F 

5.605 

11.12 

1 

.19 

23 

5.51 

23 

-.25 

F 

5.005 

10.86 

30 

5.70 

25 

5.51 

090 

-7.45 

F 

5.605 

'  9.17 

ER?C 


HA 
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Table  33 

Molarity  Inmediate  Posttest  (MLQT) : 
Verbal  Preference  (WQV)  X  Visual  Preference  (WQI)  X 
 Treatment  (XI -X3)  Interaction  


Stragety 


Dummy  Variables 


Equation 


*  Proportion 
Analogy  ^ 
Diagram 
Factor- Label 


X3  -  1 
X2  -  1 
Xi  =  1 


X3  -  X2  -  XI 

* 


MLQT  =  .1347V+. 31831 -.00781VI+5. 178 
MLQT  =  .2689V+.3513I-.0133VI+4.448 
MLQT  ■  -.0614V+.0710I-.000360VI+11.228 
■1    MLQT  =  -.4059V-.2767I+.0214VI+16.968 


•J 


i 
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Table  34 

Nolarity  Inmediate  Posttest  (MLQT): 
Substitution  of  Extreme  Values  for 
WQV  (1+  50)  and  WQI  (2  +23) 


WQV 

WQI 

VI 

TREATMENT 

PKLDILIED 
MLQT 

1 

.13 

2 

~64 

2 

-.02 

P 

5.178 

5.93 

30 

4.04 

2 

.64 

60 

-.47 

P 

5.178 

9.39 

1 

.13 

23 

7.32 

23 

-.18 

P 

5.178 

12.45 

50 

4:04 

23 

7.32 

690 

-5.39 

P 

5.178 

11.15 

1 

.27 

'  V 

.70 

2 

-.03 

A 

4.448 

5.39 

30 

8.07 

2 

.70 

60 

-.80 

A 

4.448 

12.42 

1 

.27 

23 

8.08 

23 

-.31 

A 

4.448 

12.49 

30 

8.07 

23 

8.08 

690 

-9.18 

A 

4.448 

11.42 

1 

-.00 

<- 

.14 

2 

-.00 

D 

11.228 

11.31 

30 

,-1.84 

2 

.14 

60 

-.02 

D 

11.228 

9.51 

1 

-.06 

23 

1.63 

23 

-.01 

D 

11.228 

.  12.79 

30 

-1.84 

25 

1.63 

690 

-.25 

D 

11.228 

10.77 

1 

*  -.41 

-.55 

2 

.04 

F 

16.968 

16.05 

30 

-12.18 

2 

-.55 

60 

1.28 

F 

16.968 

5.52 

1 

-.41 

23 

-6.36 

23 

.49 

F 

16.968 

10.69 

30 

-12.18 

25 

-6.3b  * 

690 

14.77 

F 

16.968 

13.19 

9  .  1  1  7 

ERIC  11 0 


fable  35 

Stoichiometry  Immediate  Posttest  (SQT) :    General  Regression  Equation 

SQT  =    -.0140(V)  +  .0375(1)  -  .0O757.(MARSTOT)  +  ..1281(PPRT)  + 

35.892(X3)  -  27.270(X2)  -  23.524(X1)  +  .8876(VX2)  -  .6725 
(VX1)  -  1.498"(VX3)  -  1.773(1X3)  +  1.146(1X2)  +  1.559(iXl)  " 
+  1431(MX1)  -  .232  7  0K3)  +  4380(MX2)  +-3.031(PX2)  +  1.158 
(PX1)  -  3.296(PX3)  +  . 00679 (VIX1)  +  .0728 (VIX3)  -  .0335 
(VIX2)  +  .000240 (VMX1)  -  . 00167  (VMX2)  +  .0104  (VMX3)  - 
_.00993(MC1)  +  .0116(IMX3)  -  ,00595(IMX2)  -  .1304(VPX2) 
+  .0623 (VPX1)  +  .1508(VPX3)  -  ,0926 (IPX1)  +  .1539(IPX3) 
-  .1269(IPX2)  -  .00689<PMX1)  - , .0142(PMX2)  +  .0203(PMX3) 
+  \000181(VIMX1)  -  .000522  (VIMX3)  +  . 0000243 (VIMX2)  -* 
. 000746 (VIPX1)  +  .00536 (VIPX2)  -  . 00702 (VIPX3)  -  .000109 
(VPMX1)  +  . 000373 (VPMX2)  -  .000^65 (VPMX3)  ♦  .000590 
(IPMX1)  +  .000596(IMPX2)  -  .000976  (IMPX3)  -  .0000114 
(VIPMX1)  -  .0000125 (VIMPX2).  +  .0000469 (VIMPXJ)  +  8.70,4 

Where    WQV  (V)    =    15.807  MARSTOT   =  184.546 

WQI  (I)    =    18.020  PPRT        =  12.614 


121 


103 


*  Table  36 

Stoichioinetry  Imnediate  Posttest  (SQT) :   Main  Effects  Regression  Equatiori 


Equation:    SQT  -  -.00545  (MARSTOT)  +  .152  (PPRT)  +  .8546 


0 

ERIC 
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t  Table  37 

Stoichiometry  Immediate  Posttest  (SQT) :    F  Tests  for  Possible  Significant  Effects 


— r  

•  Mean 

■-    9.451        S.I).  = 

2.376         Cases  ■ 

528 

Max.  =  12 

Predictor 

$             A  R2 

 2Z   * 

F 

MARSTOT 

.02436 

. 02436/. 001774a= 

13.73 

.01 

PPRT 

• 

,07245 

.07245/. 001774  = 

40.84 

.01 

IMX1 
IMX3 
IMX2 

.01257 
.00000 
.00799 
.02056 

C20"i6/ 

.001774 

.05 

,  IMX1 

.01257 

.01257/. 001774  = 

7.08 

.01 

i 

-  -imxs 

.00000 

NSb 

IMX2 

.00799 

.00799/. 001774  = 

4.5 

.05 

VPMXl 

'  VPMX2 
VPMX3 

.00627 
.00170 
.00075 
.00872 

•°.0872/3   -  1.64 
.001774 

NS 

aLrror  Term 

=  "(l-.18404)/475-15 

=  .001774 

'  bus  =  Nonsignificant 


0 

ERIC 


"*•  *^  \J 
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Table  38 

Stoichiometry  Immediate  Posttest  (SQT) :    Calculations  for  "Fourth"  Effect 

 Visual  X  Math  Anxiety  X  Treatment  Interaction  

Effect  B   S.E.B. 

IMX1                         -.00162  .000968 

IMX3                         +.000663  .00100 

IMX2                         -.00223  .00103 

•  B4  -  -  Z  Bi  -  -(-.00162  +  .000663  -  .00223)    =  .003187 

S.E.B.4  «  Z  S.E.B^    =    .00Q968  +  .00100  +  .00103    -  .000999 
—   3 

U  -      B4      =    .003187    -    3.19  p  <  .01 

S.E.B.4  -O00999 
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Table  39 

Stoichiometry  Immediate  Posttest  (SQT): 
Visual  Preference  (WQI)  X  Mathematics  Anxiety  (M)  X 
 Treatment  (XI -X3)  Interaction  


Strategy 


Dummy  Variables 


Equation 


Proportion 
Analogy 
Diagram 
Factor-Label 


X3  =  1  SQT  ■  -.0425I-.0121M+.00040IM+10.844 

X2  -  1  SQT  ■  .121I-.00057M-.000882IM+9.177 

XI  =  1  SQT  =  .3871+. 0306M-.00190IM+2. 981 

X3  =  X2  =  XI  =  -1  SQT  ■  -.314I-.0482M+.00202IM+17.527 


ERIC 


12» 
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Table  40 

Stoichiometry  Inmediate  Posttest  (SQT): 
Substitution  of  Extreme  Values  for 

 WQI  (2  -23)  and  MARSIOT  C.01  +349)  

PREDICTED  • 

Wqt  MARSTOT  Bl  TREATMENT  SQT 


2 

-  .Uo 

i  ni 

-1 .  LL 

L\)L 

(18 

p 

10.844 

9.62 

23 

*  Oft 

mi 

X  •  LL 

93 

p 

10.844 

9.57 

2 

-  .Uo 

698 

28 

p 

10 . 844 

6.82 

23 

•  #yo 

8027 

3  21 

p 

10.844 

8.85 

2 

• 

ini 

202 

-  18 

A 

9.177' 

9.18 

23 

Z  •  #  o 

-  n6 

-2  05 

A 

9.177 

9.85 

2 

OA 

-  ?n 

•  L\J 

698 

-  62 

A 

9.177 

8.60 

23 

2.78 

349 

-.20 

8027 

-7.08 

A 

A 

9.177 

A  AO 
4.  DO 

2 

.77 

101 

3.09 

202 

-.38 

D 

2.981 

6.46 

23 

8.90 

101 

3.09 

2323 

-4.41 

D 

2.981 

10.56 

2 

.77 

349 

10.68 

098 

-1.33 

D 

2.981 

13.11 

23 

8.90 

349 

10.68 

8027 

-15.25 

D 

2.981 

7.31 

| 

2 

-.63 

101 

-4.87 

202 

.41 

F 

17.527 

12.44 

f 

-7.22 

101 

-4.87 

2323 

4.69 

F 

17.527 

10.13 

-.63 

549 

-16.82 

698 

1.41 

F 

17.527 

1.49 

33 

-7.22 

349 

-16.82 

'  8027 

16.21 

F 

17.527 

9.70 

1  126 


» 
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Table  41 

Moles  Inmediate  Posttest  (MOQT) . 
Visual  Preference  (WQI)  X  Mathematics  Anxiety  (M)  X 
 Treatment  (XI -X3)  Interaction  


Strategy 

-> 

Duumy  Variables 

Equation 

Proportion 

X3  «  1 

MOQT  - 

-. 30451- .0458M+.00234IM+22. 354 

Analog/ 

X2  «  1 

MOQT  - 

.11001+. 01SOM-.000992IM+15.971 

Diagram 

XI  -  1 

MOQT  - 

.44471+. 0377M-.00263IM+11. 313 

Factor-Label 

X3  -„X2  •  XI-  -1 

MOQT  » 

-.0928I-.0376M+.00128IM+21.592 
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Table  42 

Moles  Inroediate  Posttest  (MOOT) : 
Substitution  of  Extreme  Values  for 
WQI  (2  -  23)  and  MARSTOT  (101  +  349) 


wqi 

MARSTOT 

TM 

XJrl 

TRKATMFNT 

PREDICTED 
MJQT 

2 

-.61 

101 

-4.63 

202 

47 

p 

22.354 

i  7  cn 

1/.  5y 

23 

-7.00 

101 

-4.63 

LQL-J 

^  44 

p 

22.354 

1  A    1  £ 

10.  Id 

2 

-.61 

349 

-15.98 

MR 

1  6*5 

p 

22.354 

/. 

23 

-7.00 

349 

-15.98 

Ox)  L  / 

1  K  7ft 

p 

22.354 

18. 15 

2 

.22 

101 

1.52 

* 

L\)L 

A 

15.971 

17   r  i 

17.51 

23 

2.53  ' 

101 

1.52 

LOLD 

A 

.15.971 

17  71 

1/.  71 

2 

.22 

349 

5.24 

MR 

A 

i\ 

1  ^  Q71 

7A    H 1 

20. 73 

23 

2.53 

'  349 

5  24 

fifl?7 
OVL/ 

-7  QA 

/ .  y  o 

A 

15.971 

15.77 

7 
L 

101 

3.81 

202 

-.53 

D 

11.313 

15.48 

23 

10.23 

101 

3.81 

2323 

-6.11 

D 

11.313 

19.24 

2 

.89 

349 

13.16 

698 

-1.84 

D 

11.313 

23.52 

23 

10.23 

349 

13.16 

8027 

-21.11 

D 

11.313 

13.59 

7 

-.19 

101 

i 

-3.80 

202 

.26 

F 

21.592 

17.87 

23 

-2.13 

101 

-3.80 

2323 

2.97 

F 

21.592 

18.63 

2 

-.19 

349  - 

■13.12 

698 

.89 

F 

21.592 

9.18 

23 

-2.13 

349  - 

13.12 

8027 

16.27 

F 

21.592 

16.61 

i 
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Table  43  V 
■    Gas  La:,s  Immediate  Fosttest  (GLQT) : 
Visual  Preference  (WQI)  X  Mathematics  Anxiety  00  X 
 Treatment  (XI -X3)  Interaction  . 


Stragegy 


Proportion 
Analogy 
Diagram 
Factor -i  el 


Dummy  Variables 


X3  =  1 
X2  »  1 
XI  =  1 

X3  =  X2  =  XI 


Equation 


GLQT 
GLQT 
GLQT 
-1  GLQT 


!»00588I-.00504M+. 000043  IM+10.548 

•.0106M+,000282IM+12.282 
. 04171+ . 0124M- . 000697 IM+8 .020 
-.02771- .  01 74M+  .000  364  M+ll .  562" 

« 
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Table  44  * 
Gas  Laws  Immediate  Posttest  (GLQT) : 
Substitution  of  Extreme  Values  for 

WQI  (2  +  23)  arid  MARSTOT  (101  +  349)  

PREDICTED 


0 


WQI 

MARSTOT 

IM 

TREATMENT 

2 

.01 

101 

-.51 

202 

•  Ul 

.  P 

10.548 

10  06 

23 

'/ 

101 

-.51 

2323 

.10 

P 

10.548 

10  2^ 

2 

/01 

349 

-1.76 

/no 

698 

P 

10.548 

$.83 

23 

.14 

349 

-l./o 

8QZ7 

.  DO 

P 

10.548 

9.27 

2 

-.28' 

101 

-1.07 

202 

.UO 

A 

12.282 

10  99 

23 

-3.19 

101 

-1.07 

2323 

.00 

A 

12.282 

8  67 

2 

-.28 

349 

-3.70 

698 

.20 

A 

12.282 

O  .  OK) 

23 

-3.19 

349 

-3.70 

8027 

2.ZO 

A 

12.282 

7  65 

2 

.08 

101  ' 

1.25 

202 

-14.08 

D 

8.020 

9.2Z 

23 

.96 

101 

1.25 

2323 

-1.62 

D 

8.020 

8.61  • 

2 

.08 

349 

4.33 

698 

-.49 

D 

8.020 

11.94 

23 

.96 

349 

4.33 

8027 

-5.59 

D 

8.020 

7.71 

2 

-.06 

101 

-1.76 

202 

.07 

F 

11.562 

9.82 

23 

-.64 

101 

-1.76 

.  2323 

.85) 

F 

11.562 

10.01 

2 

,06 

349 

-6.07 

698 

.25 

F 

11.562 

5.69 

23 

-.64 

349 

-6.07 

8027 

2.92 

•  F 

11.562 

7.77 
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Table  45 

Molarity  Imnediate  Posttest  (MLQT):, 
Visual  Preference  (VVQI)  X  Mathematics  Anxiety  (M)  X 
 Treatment  (XI -X3)  Interaction  " 


Strategy 


Proportion 

X3 

=  1 

MLQT  - 

- .61751- . 0841M+. 00440 IM+22. 815 

Analogy  ^ 

X2 

=  1 

MLQT  = 

. 19731- .00474M- .000308IM+9 . 577 

Diagram 

XI 

=  1 

MLQT  = 

.7506I+.0628M-.00371IM-1.321 

Factor -Label 

X3 

-  X2  -  XI  - 

-l'  MLQT  = 

.1188I+.00378M-.000311IM+9.851 

137 
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i'able  46 

Molarity  Immediate  Posttest  (MLQT): 
Substitution  of  Extreme  Values  for 
WQI  (2  *  23)    and  MARSTOT  (101  •*■  349) 


wqi 

MARSTOT 

IM 

TREATMENT 

PREDICTED 

MI  AT 

2 

-1.24 

101 

-8.49 

202, 

.89 

P 

22.815 

13  97 

23 

-14.20 

101 

-8.49 

2323 

10  22 

P 

22.815 

in 

2 

-1.24  • 

349  - 

■29.35 

698 

3.07 

P 

22.815 

-4  70 

23 

-14.20 

349  • 

■29.55 

8027 

35.32 

P 

22.815 

14  58 

A~  •  JO 

2 

.39 

101 

-.48 

202 

-.0b 

A 

9.577 

Q  4^ 

23 

4.54 

101 

-.48. 

2323 

-.72 

A 

9.577 

1  7  Q? 

2* 

.39 

349 

-1.65N 

698 

-.21 

A 

9.577 

8  in 

23 

4.54 

349 

-1  65 

8027 

l  47 

A 
A 

y  .577 

2  .  <■ 

i 

X  .  Oil 

101 

6.34 

zuz 

-.75 

I) 

-1.321 

5.77 

23 

17.26 

101 

6.34 

2323 

-8.62 

D 

-1.32x 

13.68 

2 

1.50 

349 

21.92  . 

698 

-2.59 

D 

-1.321 

19.51 

23 

17.26 

349 

21.92 

8027 

-29.78 

D 

-1.321 

8.08 

2 

.24 

101 

.38 

202 

-.06 

F 

9.851 

10.41 

23 

2.73 

101 

.38 

2323 

-.72 

F 

9.851 

12.24 

2 

.24 

349 

1.32 

698 

-.22 

F 

9.851 

11.19 

23 

2.73 

349 

1.32 

8027 

-2.50 

F 

9.851 

11.41 

\ 
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Table  47 

  Decimal  Subtest  (UL) :    General  Regression  Equation  

IN:  =  -.0130(V)  +  .0575(1)  -  .00513  (MMS~Mr  +  .1197 (PFKT) 

-  1.627(X2)  -  20.657 (XI)  +  31.369(a3)  -  2.010(VX2)  - 

.4212(VX3)'  +  1.391(VX1)  -  1.751(1X3)  +  1.059(1X1)  + 

5485(1X2)  +  .0884(MX1)  -.189001X3)  +  .0146(MX2)  + 

.7302(PX2)  +  .0350(PX1)  -  2.808(PX3)  -  .0750(VIX1)  + 

.0176  (VTX3)  +  .0882 (VIX2)  -  .00523 (VMX1)  +  .0108 (VMX2) 

+  .00155(VMX3)  +  .0108(IMa3)  -  .00523(IMX1)  -  .00306(IMX2) 

+  .0939 (VPX2)  -  .0512 (VPX1)  +  .0987(VPX3)  -  .0042?(IPX1) 

+  .1535(IPX3)  -  .0643(IPX2)  +  .00181(PMX1)  -  .00637(04X2) 

+  .0183(FMX3)  +  .000317 (VM1)  -  . 0000797  (VIMX3)  -  .000480 

(VIMX2)  +  . 00301  (VIFaI)  -  .00396 (VIPX2)  -  .00475 (VIPX3)  + 

.       .000125(V'PIviXl)  -'  .000375(V^l2)  -  .000598 (VPMX3)  + 

.000447 (IPMX2)  -  .OOOOllb(IPMXl)  -  .00101 (IIMX3)  +  .0000156 

'  -(VIIM2)  -  .0000117 (VIPMX1)  +  .0000301  (VIFMX3)  +  9.397 

* 

Where  WQV  (V)    =    15.807  MARSTOT    =  184.546 

WQI  (7)    =    18.020  PFITT        =  12/614 
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Table  48 

Decimal  Subtest  (DE) :    F  Tests  for  Possible  Significant  Effects 


ii,                1  rt  QIC 

Mean  *  lu.oib 

c  n 

—   1    QfiT  *            foepe   s  d71 

Max    =  13 

Predictor 

AR2 

F 

Sig. Level 

WQI 

.01035 

. 01035/. 002120*=  4.88 

.05 

MARSTOT 

.02232 

-  .02232/. 002120  -° 10.53 

.01 

PPRT 

.07421 

.07421/. 002120  =  35.00 

.01 

1MC3 

mi 
mi 

.00004 
.03503 
.Of  294 
.01901 

.0190l/3  .  2>99 
.  .002120 

.05 

IMX3 

.00004 

.00004/. 002120  ■  .02 

mi 

.01603 

.01603/. 002120  =  7.56 

.01 

m2 

.00294 

t    .00294/. 002120  =  1.39 

NS 

imi 

IFMC3 

.00577 
.00432 
.00657 
.01666 

-•01666/3=  2.62 
.002120 

 f  

NS 

aError  Term  =  (1- .21969J/368  =  .002120 
*  Nonsignificant 


9 

ERJ.C 
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Table  49 

Decimal  Subtest        :   Calculations  for  "fourth"  Effect 


Visual  X  Math  Anxiety  X  Treatment  Interaction 

Effect   B  S.E.B. 

IMX3  +.00172  .000966 

jmi  -.00207  .000961 

^K2  -.00128                      ,  .00108 

B4  =  -  1  \  -  (.00172  -  .00207  -  .00128)  =  .00163 

S.K.B-4  =  i  S.E.B. j    =    .00Q966  +  .000961  +  .00108  =  .001002 
i   3  

U  =        B4      =    .00163     .    ,  rc 

S.E.B. .         .001002   ~      0-i  r'b 
4 
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Table  50 

Decimal  Subtest  (DE):   Main  Effects  Regression  Equation 

Equation:   UE  -  .0372  (WQI)  -  .00421  (MARSTOT  + 
.124  (PPRT)  +  9.5i3 
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Table  51 
Decimal  Subtest  (DE): 
Visual  Preference  (WQI)  X  Mathematics  Anxiety  (M)  X 
 Treatment  (XI -X3)  Interaction  


Strategy 

Jummy  Variables 

Equation 

Proportion 

X3  =  1 

DE  = 

-.4260I-.0583M+.00277IM+19.679 

Analogy 

X2  =  1 

DE  = 

.4005I+.0250M-.00189IM+5.223 

Diagram 

XI  =  1 

DE  = 

. 4778 1+ . 0484M- . 00270 IM+2 . 277 

Factor-Label 

X3  =  X2  =  XI  =  -1 

DE  = 

- . 2222 I - . 0356M+ . 001161M+1 5 . 634 

/ 


ERLC 
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Table  52 
Decimal  Subtest  (DE) : 
Substitution  of  Extreme  Values  for 
WQI  (2  +25)  andtMARSTOT  (101  -349) 


PREDI 


WQI 

MARSTOT 

m 

TREATMENT 

DE 

2 

-.85 

101 

• 

-5.89 

202 

.56 

P 

19.679 

13.50 

,23 

-9.80 

101 

-5.89 

2323. 

6.43 

•  P 

19.679 

10.43 

2 

-.85 

349 

-20.35 

698. 

1.93 

P 

19.679 

.41 

23 

-9.80 

349 

-20.35 

8027 

22.23 

P 

19.679 

11.77 

2 

.80 

101 

2.52 

202 

-.38 

A 

5.223 

8.17 

23 

9.21 

101 

2.52 

2323 

-4.39 

A 

5.223 

.  12.57 

2 

'  .80 

349 

8.72 

698 

-1.32 

A 

5.223 

13.43 

23  . 

9.21 

349 

8.72 

8027 

-15.17 

A 

■5.223 

7.80 

2 

.96  • 

101 

4.89 

202 

-.55 

D 

2.277 

7.58 

23 

10.99 

101 

4.89 

2323 

-6.27 

D 

2.277 

11.88 

2 

.96 

349 

16.89 

698 

-1.88 

D 

2.277 

18.28 

23 

10.99 

349 

16.89 

8027 

-21.67 

D 

2.277 

8.49 

2 

-.44 

101 

-3.60 

202 

.23 

•F 

15.634 

11.83 

23 

-5.11 

101 

-3.60 

2323 

2.69 

^ 

15.634 

9.62 

2 

-.44 

349 

-12.42 

698 

.81 

F 

15.634 

3.57 

23 

-5.11 

•349 

-12.42 

8027 

9.31 

F 

15.634 

7.41 

Table  53 

 Nondecimal  Subtest  (NUb):    General  Regression  liquation 

NDE  -  -.0271(V)  ♦  .0427(1)  -  . 00484 (MARSTOT)  ♦  .U812(PPRT) 

-  16.238CX2)  -  36. 544 (XI)  ♦  33.824(X3)  ♦  .1191(VX2)  - 
2.030(VX3)  ♦  2.395(VX1)  -  2.058(1X3)  +  2.184(1X1)  ♦ 
.8566(1X2)  ♦  .1883  (>K1)  -  .2163(MK3)  +  .1124(MX2)  + 
.97^6(PX2)  +  2.420 (PX1)  -  2.627 (PX3)  -  .1479(VIX1)  ♦ 
.1238(VIX3)  -  .00758(VIX2)  ♦  .0144(VMX1)  -  .00279(VMX2) 

-  .0136(VMX3)*  ♦  .0133(IMX3)  -  .0121  (MCI)  -  .00591(IMX2) 

♦  .00599 (VPX2)  -  .1803(VPX1)  +  .1637(VPX3)  -  .1466(IPX1) 

♦  .1538(IPX3)  -  .0511(IPX2)  -  .0123(PMX1)  -  .u0774(PMX2) 

,  ♦  .0170  (PMX3)  -  . 000881  (VIMX3).,*  .000888  (VIMX1)  ♦  .000154 
(VBK2)  ♦  .0111(VIPX1)  -  . 000176  (VIFa2)  -  .00964  (VIPX3) 

,♦  .00105(V»K1)  +  .000178 (V»K2)  -  .00118(VPMX3)  +  .000404 
(IIWX2).*  .000816(11*1X1)  -  .00101(IPMX3)  -  .0000102(VIPMX2) 

-  ..0000686(VIIMX1)  +  .0000702 (VIPMX3)  +  10.838 

Where  VVQtf  (V)    -    15.807°  MARSTOT   -  184.546 

WQI  (T)    -    18.020  PPRT        «  12.614 
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Table  54" 

•     Nonueciroal  Subtest  (NUb)  :   Main  bffects  Regression  liquation 

•  <  '  *  * 

*  / 

\ 

bquation:    NUb  »  .0376  (WQI)  -  .00450  (MARSTOT)  +  .0854  (PPRT) 
+  10.835 


7 


ERJC 
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Table  55, 

Nondecimal  Subtest  (NUE) :    F  Tests  for  Possible  Significant  Effects 


Mean  -  11.322 


S.D.  »  1.477        Cases  =  428      Max.  =  13 


Predictor 


Sig.  Level 


WQI 

MARSTOT 

PPRT 

VFMX1 
VPMX2 
VPMX3 


.01331 
.03641 

.05837"' 

^0883 
.00105 
.00132 


.01331/. 002140a«  6.22 
.03641/. 002140  -  17.01 
.05837/. 002140  =  27.28 

•01120/3  „  1.74 
.002140 


.05 
.01 
.01 

NSfc 


aError  Term  =  (l-.19738)/375  =  .002340 
^S  *  Nonsignificant 
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9 
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Table  56 
Nondecimal  Subtest  (NDE) : 
Visual  Preference  (WQI)  X  Mathematics  Artxiety  (M)  X. 
 Treatment  (XI -X3)  Interaction  


Strategy 


Dummy  Variables 


Equation 


Proportion 

j 

Analogy 
Diagram 
Factor- Label 


X3  -  1 
X2  =  1 
XI  =  1 


NUE  = 
NDE  = 
Nbfc  = 


X3  =  X2  =  XI  =  -1  NDE 


. 03961 - .0143M+ .000619IM+12 . 665 
.09961+ .00126M- .OD0404IM+10 . 527 
.2542I+.0227M-.00146IM+7.331 
.14371-. 0291M+.00124IM+15. 2111 


ERIC 
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Table  57  " 
Nondecimal  Subtest  (NDE) : 
Substitution  of  Extreme  Values  for 
WQI  (2-23)  and  MARSTOT  (101-*-  349) 


PREDICTED 


VVIJI 

madctyyt 

TtA 

TREATMENT 

NDE 

9 
Z 

-.08 

ini 

1    A  A 

-1. 44 

202 

1 1 

p 

17  fi6^ 

11  27 

XX  .  tt  t 

-  .91 

i  ni 

1    A  A 

-1 .44 

2323 

1  AA 

p 

1?  665 

11.75 

L 

no 
-.Do 

_A  QQ 

-4^4  .yy 

698 

A?> 

p 

12  665 

X£*  .  VJU  J 

8.03 

1  X 
Z'j 

-  .yi 

-A  QQ 

8027 

out  / 

A  Q7 

P 

12  665 

11.73 

Z 

.  ZU 

ini 

1  N 

202 

-  OR 

A 

10  527 

10.77 

lb 

9  90 

z .  zy 

mi 

1  ^ 

2323 

-  94 

A 

10  527 

12.01 

9 

•  ZD 

Of*? 

AA 

698 

-  2X 

A 

10'  527 

10.88 

9  9n 

z.  zy 

Xaq 

•  44 

8027 

A 

10  527 

XV  .  / 

10.01 

2 

.51 

101 

2,29 

202 

-.29 

D 

7.331 

9.84 

23 

-5.85 

101 

2.29 

*  2323 

-3.39 

D 

7.331 

12.08 

2 

.51 

349 

7.92 

698 

-1,02 

7.331 

14.75 

23 

5.85 

349 

7.92 

8027 

-11.72 

D 

7.331 

9.38 

2 

-.29 

101 

-2.94 

202 

.25 

F 

15.211 

12.23 

23 

-3.31 

101 

-2.94 

2323 

2.88 

F 

15.211 

11.85 

2 

-.29 

349 

-10.16 

698 

.87 

F 

15.211 

5.63 

23 

-3.31 

349 

-10.16 

8027 

9.95 

F 

15.211- 

11.70 

\ 


9 
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Table  58 

Molarity  Delayed  Fosttest  (MLT) :    General  Regression  Equation 

MLT  *    -.00t>84(V)  +  .0109(1)  -  .00607 (MARSTOT)  +  .1460(PPRT) 
♦  30.440(X3)  +  2.662(X2)  -  27.920(X1)  -  .4202(VX2)  ♦ 
1.320CVX1)  -  .8307 (VX5)  -  .8477(1X3)  +  .0400(1X2)  + 
1.014(1X1)  +  .1153(MX1)  -  .220201X3)  +  .0498 (MX2)  - 
1.320(PX2)  +  lU91(PXI)  -  1.326(PX3)  - ...0482(VIX1) 
+  .00477(VIX3)  +  .00889(VIX2)  -  .00539(VMX1)  - 
.000541 (VMX2)  +  .00762 (VMX3)  -  .00446 (IMX1) .u0791 
(IMX3)  -  .00278 (IMX2)  +  .140(VPX2)  -  .0662 (VPX1) 
+  .0118(VPX3)  ^  .0407(IPX1)  +  .0201(IPX3)  +  .0424(IPX2) 

-  .00621(IWX1)  +  .000580 (PMX2)  +  '.0125(PMX3)  +  .000206 

%  (VIMX1)  -  .000214 (VIMX3)  +  .0000486 (VIMX2)  +  \00145(VIPX1) 

-  .00517(VIPX2)    +  .00164(VlPX3)  +  .000283(VPMX1)  - 
.000417 (VFMX2)  -  . 000393 (VPMX3)  +  .000195  (IIMC1)  + 
.0000494  (I»K2):  -  .000416(IPMX3)  -  .000007J8(VIIMX1)  + 

•      .000142 (VIIMX2)  +  .00000970 (VIPMX3)  t  5.327 

Miere     WC^  (V)    *   15.807  MARST0T   =  184.546 

WQI  (T)    -  .18.020  PPRT        =  12.614 
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Table  59 

Molarity  Delayed  Posttest  (MLT) :   Main  Effects  Regression  Equation 
Equation:    MLT  =  -.00552  (MARSTOT)  +  .141  (PPRT)  ♦  5.786 
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Table  60 

Molarity  Delayed  Posttest  (MLT) :    F  Tests  for  Possible  Significant  Effects 


Mean 

-   6.197        S.D.  ■ 

'    2.443   *    Cases    =  481 

Max.  =  10 

Predictor 

L* 

F 

Sig. Level 

MARSTOT 

.  .02314 

. 02314/. 002150a=  10.80 

.01 

PPRT 

.05945 

.05945/. 002150  =  27.65 ( 

'  .or 

VMXl 
VMX2 
VMX..5 

.0002b 
.00725 

.00946 

•  00946/3    ,  1AJ 
.002150 

NSb 

VPX2 
VPX1 
VPX3 

•  .01149 
.00566 
.00022 
.t>1737 

01 7^7/ 

•U1/J//3    =  2.69 
.002150 

.05 

VPX2 

.01149 

.01149/. 002150  =  5.34 

.05 

VPX1 

.00566 

.00566/. 002150  =  2.63 

NS 

VPX3 

.00022 

.000 22/. 002 150  =  0.10 

NS 

atrror  Teim  =  (l-.17018)/427-41  =  .002150 
bNS  -  Nonsignificant 
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Table  61 

Molarity  Delayed     Posttest  (MLT) :    Calculations  for  "Fourth"  Fffect 


Verbal  X  Proportional  Reasoning  X  Treatment  Interaction 

Effect  g*   S.E.B. 

VPX2  +.0147  .00699 

VPXl  -.0106  .00828 

VPXS  +.00268  .00838 

B4  f  -  z  ^  =  -(.0147  -  .0106  +  .00268)  =  -.00678 

S.E.B.4  =  E  S.E.B^  =    .0Q699  +  .00828  +  .00838"  =  .00788 
3  3 

t4  =   ?L_  =  -.00678  '   =  -.86  NS 

S.H.B.4  .00788 


9 

ERIC 
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Table  62 
Molarity  Delayed  Posttest  (MLT) : 
Verbal  .Preference  (WQV)  X  Proportional  Keasoning  (P)  X 


Strategy 

Dunny  Variables 

Equation 

• 

Proportion 

X3  «  1 

MLT  = 

-.0557V+.1052P+.00113VP+5.234 

.  Analogy 

X2  =  1 

MLT  = 

- .2050V- . 1379P+ . 0168VP+7 . 742 

Diagram 

XI  =  1 

MLT  » 

. 1350V+. 4064P- . 0119VP+1 . 201 

Factor-Label 

X3  =?  X2  =  XI  =  -1 

MLT  = 

. 0966 V+. 2096P- -00581VP+3. 418 

9 

ERIC 
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Table  63 
Molarity  Delayed  Posttest  (MLT): 
Substitution  of  Extreme  Value*  for 
WQV  (I  -30)  and  PPRT  (1  -21) 


136 


wqy 

PPRT 

VP 

l 

-.06 

1 

.11 

1 

.00 

30 

-1.67 

1 

.11 

30 

4 

.03 

1 

-.06 

21 

2.21 

21 

.02 

30 

-1.67 

21 

2.21 

630 

.71 

1 

-.20 

1 

-.14  ' 

1 

.02 

30  . 

-6.15 

1 

-.14 

30 

.50 

1 

-.20 

21 

-2.90 

21 

.35 

30 

-6  15 

21 

-2  qn 

6^0 

10  58 

1 

.14 

1 

.41  • 

1 

-.01 

30  • 

4.05 

1 

.41 

30 

-.36 

1 

.14 

21 

eT.  53 

21 

-.25 

30 

4.05 

21 

8.53 

630 

-7.50 

1 

.10  , 

1 

.21 

1 

r.01 

30 

2.90 

1 

.21 

30 

-.17 

1 

.10 

21 

4.40 

21 

-.12 

30 

2.90 

21 

4.40 

630 

-3.66 

TREATMENT 


PREDICTED 
MLT 


p . 

5.234 

5.29 

5.234 

3.70 

p 

5.234 

7.41 

•  p 

5.234 

6.48 

A 

7.742 

7.42 

A 

7.742 

1.96 

A 

7.742 

4.99 

A 

7.742 

>»9.28 

D 

1.201 

1.73 

D 

1.201. 

5.30 

D 

1.201 

9.62 

D 

1.201 

6.29 

F 

3.418 

3.72 

F 

3.418 

6.35 

F 

3.418 

•  7.80 

F 

3.418 

v  7.06 

9 

ERIC 
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Table  64 
Moles  Delayed  Posttest  (MOT) : * 
Verbal  Preference  (WqyV£  Proportional  Reasoning  (P)  X 
 Treatment  (XI -X3)  Interactions  ' 


Strategy 

Dunmy  Variables 

Equation 

Proportion 

a3  =,  1 

MOT  = 

- .  05llV+ . 1038P+  .00413VP+5 . 735 

Analogy 

X2  =  1 

MOT  = 

. .0666V+.2218P-.00329VP+3.916 

Diagram 

A 

XI  =  1 

MOT  = 

.1330V+.3769P-.0102VP+2.443  ' 

I;actor -Label 

X3  =  X2  =  XI  * 

-l  mot  = 

-V1279V- . 00737P+ . 00952VP+7 . 847 

9 

ERIC 
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Table  65 
Moles  Delayed  Posttest  (MOT) : 
Substitution  o£  Extreme  Values  for 

WQV,(1+  30)  arid  PPRT  (!->•  2  "   

PREDICTED 


vvyy 

PPRT° 

VP 

TREATMENT 

MOT 

1 

1 
X 

in 

.00 

P 

5.735 

5.79 

DU 

"1.0.) 

1 

X 

10 

•  XI/ 

30 

.12 

P 

5.735 

4.43 

i 
i 

21 

4«X 

2.18 

il 

.09 

P 

5.735  ^* 

7.95 

OU 

21 

2.18 

630 

2.60 

P 

5.735 

8.9* 

1 
1 

£7 

1 

X 

♦  22 

1 

-.00 

A 

3.916 

4.20 

L  .U  v 

1 

X 

22 

30 

-.10 

A 

3.916 

6.04 

1 
1 

21 

4  66 

21 

-.07 

A 

3.916 

8.57 

z,  .uu 

21 

X 

4  66 

630 

-2.07 

A 

3.916 

8.50 

i 

.13 

1 

.38 

l 

-.Ul 

D 

2.443 

2  94 

30 

3.99 

1 

.38 

30 

-.31 

D 

2.443 

6.50 

1 

.13 

21 

21 

-.21 

D 

2.443 

10.28 

30 

3.99 

21 

7.91 

•630 

-6.43 

D 

2.443 

7.92 

1 

-.13 

1 

-.01 

1 

.01 

F 

7.847 

7.72 

30 

-3.84 

1 

-.01 

30 

.29 

F 

7.847 

4.29 

1 

-.13 

21 

-n* 

21 

.20 

F 

7.847 

7.76 

30 

-3.84 

21 

-.15 

630 

6.00 

F 

7.847  . 

9.85 

9 

ERJC 
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Figure  19 .   Mo^es  Delayed  Posttest  (MOT) :   Verbal  Preference  (WQV)  X  Proportional  Reasoning  (P) 
X  Treatment  (XI -X3)  Interactions 


7  erJcI6" 
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Table  66 
Gas  Laws  Delayed  Posttest  (GLT): 
Verbal  Preference  (WQV)  X  Proportional  Reasoning  (P)  X 


Strategy 

Dummy  Variables 

bquation 

Proportion 

X3  =  1 

GLT  = 

. 0  309 V+ . 0  322P- . 0007  70VP+6 . 624 

Analogy 

X2  =  1 

!GLT  = 

- . 0425V+ . 1081P+ .000556VP+5 . 520 

Diagram 

XI  =  1 

GLT  = 

- . 0336V+ . 2519P- . 00446VP+4 . 9  83 

Factor- Label 

X3  =  X2  =  XI  =  -1 

GLT  = 

-.0810V+. 130 1P+. 0047 3VP+5. 788 

16, 
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Table  67 
Gas  Laws  Delayed  Posttest  (GLT): 
Substitution  of  Extreme  Values  tor 


WQV  (1  +30)  and  PPRT  (1  +21) 


wqv 

PPRT 

VP 

TREATMENT 

PREDICTED 
GLT 

l 

.03 

1 

.03 

1 

-.00 

P 

6.624 

6.69 

30 

.93 

1 

.03 

30 

-.02 

P 

6.624 

7.56 

1 

.03 

21 

.68 

dl 

-.02 

P 

6.624 

7.31 

30 

.93 

21 

.68 

630 

-.49 

P 

6.624 

7.74 

1 

-.04 

1 

.11 

1 

.CJ 

A 

5.520 

5.59 

30 

-1.28 

1 

:11 

30 

.02 

A 

5.520 

4.37 

1 

.04 

21 

2.27 

21 

.01 

A 

5.520 

7.76 

30 

-1.28 

21 

2.27 

630 

.35 

A 

5. £20 

6.87 

1 

-  .03 

1 

25 

i 

-  on 

n 

u 

A  Oft  ^ 

30 

-1.01 

1 

.25 

30 

-.13 

D 

4.983 

4.09 

1 

-.03 

21 

5.29 

21 

-.09 

D 

4.983 

10.15 

30 

-1.01 

21 

5.29 

630 

-2.81 

D 

4.983 

6.46 

1 

-.08 

1 

.13 

1 

.00 

F 

5.788 

5.84 

30 

-2.43 

1 

.13 

30 

.14 

F 

5.788 

'  3.63 

1 

-.08 

21 

2.73 

21 

.10 

F 

5.788 

8.54 

30 

-2.43 

21 

2.73 

650 

2.98 

F 

5.788 

9.07 

16:; 
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Table  68 

Stoichioiuetiy  Delayed  Posttest  (ST) : 
Verbal  Preference  (WQV)  X  Proportional  Reasoning  (P)  X 
 Treatment  (XI -X3)  Interactions  


Strategy  

Proportion 
Analogy 
Diagram 
Factor -Label 


Duwny  Variables 


X3 

=  1 

ST  = 

X2 

=  1 

ST  = 

XI 

=  1 

ST  = 

X3 

=  X2=  XI  =  -1 

ST  = 

liquation  

.  1216V+.-3184P- .  0136VP+3 . 340 
- . 0  512V+ . 1663P+ . 003  25VP+4 . 964 
- . 1471V+ . 1469P+ . 00460VP+5 . 965 
- . 0503V+ . 0634P+ . 00561VP+5 . 656 


/  7  " 
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Table  69 

Stoichiometry  Delayed  Posttest  (ST) : 
Substitution  of  Extreme  Values  for 

WqV  (1+30)  and  PPRT  (1+21)  


PREDICTED 


wcy 

PPRT 

VP 

TREATMENT 

ST 

i 

.12 

1 

.32 

1 

-.01 

P 

3.340 

3.77 

30 

3.65 

1 

.32 

30 

-.41 

P 

3.340 

6.90 

1 

.12 

21 

6.69 

21 

-.29 

.  P 

3.340 

9.86 

30 

3.65 

21 

6.09 

630 

-8.57 

P 

3.3,40 

5.11 

1 

-.05 

1 

.17 

1 

.00 

A 

4.964 

5.08 

30 

-1.54 

1 

.17 

30 

.10 

A 

4.964 

3.69 

1 

-.05 

21 

5.49 

21 

.07 

A 

4.964 

8.47 

30 

-1.54 

21 

3.49 

630 

2.05 

A 

4.964 

8.97 

1 

-.15 

1 

.15 

1 

.00 

D 

5.965 

5.97 

30 

-4.41 

1 

.15 

30 

.14 

t 

D 

5.9b5 

1.84 

1 

-.15 

21 

3.08 

21 

.10 

D 

5.965 

9.00 

50 

-4.41 

21 

3.08 

630 

'  2.90 

D 

5.965 

7.53 

1 

-.05 

1 

.06 

1 

.01 

F 

5.656 

5.67 

30 

-1.51 

1 

.06 

30 

.17 

F 

5.656 

4.38 

1 

-.05 

21 

1.33 

21 

.12 

F 

5.656 

7.05 

30 

-1.51 

21 

1.33 

630 

3.53 

F 

5.656 

9.01 

17- 
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^  -      Table  70 

Laws  Imnediate  Posttest  (GLQT) :    General  Regression  Equation 

GLQT-    -.0249  00-+  .0298(1)  -  .00506  01ARST0T)  +  .0700(PPRT)  + 
26.729(X3)  -  15.228(X2)  -  38. 436 (XI)  +  .8710(VX2)  * 
.9977(VX1)  -  1.108(VX3)  -  1.421(1X3)  +  .3831(1X2)  + 
2.067(1X1)  *  .2475(MX1)  -  .1699(MX3)  -  .0582(MX2)  + 
.2.427(PX2)  +  1.788(PX1)  -  1.335(PX3)  -  .0651(VIX1)  + 
.06S7(VIX3)>-  .0322(VIX2)  -  . 00970  (VMXl)  -  .00133 (VMX2) 
+  .00790(VMX3)  -  .0136(IMX1)  +  .00922(IMX3)  -  .00145 
(IMX2)  -  .1378(VPX2)  -  .0124(VPX1)  +  .0480(VPX3)  - 
.1016(IPX1)  +  ;07S5(IPX3)  -  .0922 (IPX2)  -  .0126(IMX1) 
- -.0136(FMX2)  +  .0108(FMX3)  +  .000588  O'lMXl)  -  .000447 
(V1MX3)  +  .0000250 (VIMX2)  +  .00158(VIFX1)  ♦. .00636 (VIPX2) 
-  .00268(VIPX3)  +  .000412 (VIWX1)  .+  . 000644 (VIWX2)  - 
.0G0460(VIWX3)  +  .000728 (IPMX1)  +  .000593(IPMX2)  - 
.000602 (IFMX3)  -  . 0000277 (VIPMX1)  -  . 0000308 (VIPMX2) 
+  .0000275 (VIIMX3)  +  10.115 

Where     WQV  (V)    -    15.807  MARSTOT   =  184.546 

WQI  (T)    -    18.020  PPRT        =  12.614 


17  o 


Tabic  71 

Gas  Laws  Inroediate  Post'test  (GLQT) :    Main  Effects  Regression  Equation 

/ 

Equation:    GLQT  =  -.00460  (MARSTCT)  +  .0780  (PPRT)  +  .767  (X3)  *' 
.379  (X2)  -  .356  (XI)  +  10.024  / 


Where  MfVRSfOT 

=    184.546        PPRT  < 

•  12.614 

Strategy 

Dummy 

Variables 

GLQT 

Proportion 

X3 

=  1 

10.926b 

Analogy 

X2 

=  1 

9.780a 

Diagram 

XI 

-  1 

9.803a 

Factor-Label 

X3 

=  X2  =  XI  =  -1 

10.127 

aSignificantly  lower  tlian  mean 
^Significantly  higher  than  mean 


1.49 


Tabl.j  72 

Gas  Laws  Imnediate  Posttest  (GLQT) :    F  Tests  for  Possible  Significant  Effects 


Mean  -  10.188 


S.D.  -  1.929 


Cases  -  51 5 


Max.  =  12 


Predictor 


A  Rz 


Sig. Level 


/MARSTOT 

PPRT 

X3 
X2 
XI 

X3 

X2 

XI 

MX1 
MX3 
MX2 

PMX1 


PMX1 

PMX2 

PMX3 

VIPX1 
VIPX2 
VIPX3 


.02023 

.03016 

.01914 
.02459- 
.01155 
.05528 

.01914 

.02459 

.01155 

.00955 
.00003 
.00024 

.00982 

.00466 
.00906 
.00046 

T0T4TS" 

.00466 

.00906 

.00046 

.00499 
.00233 
.00200 
.00932 


. 02023/. 001808a=  11.19 
.03016/.001808  =  16.68 
.05528/3    .  1()a9 


.001808 


.01914/. 001808  =  10.59 
.024 59/. 001808  =  13.60 
.01155/. 001808  =  6.39 

.00982/3    =  1#gl 


.001808 


. 01418/, 
.001808 


2.61 


.00466/. 001808  =  2.58 
.00906/. 001808  =  5.01 
.00046/. 001808  =  .25 

•00932/3  = 
.001808 


aHrror  Term  -  (l-.18836)/462-13  =  .001808 
t>NS  ■  Nonsignificant 


.01 
.01 

.01 


.01 
.01 
.05 

NSl 


.05 


NS 

<  •* 
\05 

\ 

NS' 


NS/ 

/ 


U 


0 
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Table  73 

Gas  Laws  Immediate  Posttest  (GLQT) :    Calculations  for  "Fourth"  Effect 

Factor-Lybel  T  ^atmei't 


tg  =  -g  Z  Bi  df  =  n-k-1 


~    2  **•  2 

sd   Y-Y  =  Sd   Y  (1-R2)      n     =     1.9292    (1-. 10958)      515-13     =  3.367 


iPFT  515-7-1-lT 


t4  =  -4 (.767-  .379  -  .356) 


/  3.367  m2+    1    +    L    +    1  "I 

/  [135     12T    Bfr  I3FJ 

t4  =    0.128  =  .23  NS 

/  3.36//  (.08954) 


PPR1  X  MARSTOT  X  Treatment  Interaction  

bffect  B  S.E.B. 

PMXl  -.000495  .000666 

Rv|X2  -.00169  .000730 

FMX3  +.000426  .000832 

b4  =  -  Z  bi  =  -f-. 000493  -  .00169  +  .000426)  =  .00176 
S.E,B.4  =  L  S.b.B.j      .000066  ♦  .000750  +  .000832    =  .000743 


3 


=     B4        =    .00176      =      2.37  Sig.  p  <  .05 

•»      S.H.B.,  -000743 


\ 

\ 


151 


Table  74 

Gas  Laws  Inmediate  Posttest  (GLQT) : 
Mathematics  Anxiety  01)  X  Proportional  Reasoning  Ability  (P) 
X  Treatment  (XI -X3)  Interaction 


Strategy 


Dunwy ^Variables 


Equation 


Proportion 
Analogy  . 
Diagram 
Factor-Label 


X3  =  1 
X2  =  1 
XI  =  1 

X3  -  X2  =  XI 


GLQT  =  -.0115M-.0674P+.00059MP+12.570 
GLQT  ■  .0132M+.3437P-.00146MP+6.519 
GLQT  =  .0108M+.2815r  .00088MP+6.31I 
-1    GLQT  S-.0329M-.2772P+.00175MP+15.635 


9 
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Table  75 

Gas  Laws  Inmediate  Posttest  (GLQT) : 
Substitution  of  Extreme  Values  for 

MARSTOT  (101  -349)  and  PPRT  (1  -»  21)  

PREDICTED 


MARSTOT 

PPRT 

NIP 

TREATMENT 

GLQT 

101 

-1.16 

1 

-.07 

101 

.06 

P 

12.570 

11.40 

343 

-4.01 

1 

-.07 

349 

.21 

P 

12.570 

8.70 

101 

-1.16 

21 

-1.42 

2121 

1.25 

P 

12.570 

11.24 

349 

-4.01 

21 

-1.42 

7329 

4.32 

P 

12.570 

11.47 

101 

1.33 

1 

.34 

101 

-.15 

A 

6.519 

8.05 

549 

4.01 

1 

.34 

349 

-.51 

A 

6.519 

10.96 

101 

1.33 

21 

7.22 

2121 

-3.10 

A 

6.519 

11.97 

349 

4.61 

21 

7.22 

7329 

-10.70 

A 

6.-519 

7.64 

101 

1.09 

1 

.28 

101 

-.09 

D 

6.311 

7.59 

549 

3.77 

1 

.28 

349 

-.31 

D 

6.311 

10.05 

101 

1.09 

21 

5.91 

2121 

-1.87 

D 

6.3x1  - 

xl.  45 

349 

3.77 

21 

5.91 

7329 

-6.45 

D 

6.311 

^9.54 

101 

-3.32 

1 

-.28 

101 

.18 

F 

< 

15.635 

12.21 

349 

•11.48  - 

( ,  1 

-.28 

549 

.61 

F 

15.635 

4.49 

101 

-3.32 

21 

-5.82 

2121 

3.71 

F 

15.635j 

10.20 

349 

11.48 

> 

-5.82 

7329 

12.83 

F 

15.655 

11.16 

182 


Figure  22.   Gas  Laws  Inmediate  Tosttest  (GLQT) :  Mathematics  Anxiety  (M)  X  Proportional  Reasoning  Ability 
(P)  X  Treatment  (XI -X3)  Interaction 


9 
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Table  76  • 
Moles  Immediate  Posttest  (MOQT) : 
Mathematics  Anxiety  (M)  X  Proportipnal  Reasoning  (P)  X 
 Treatment  (XI -X3)  Interaction  


Strategy 


Dummy  Variables 


Equation 


Proportion 
j^nalogy 
Diagram 
Factor -Label 


X3  =  1 
X2  =  1 
XI  =  1 

X3  =  X2  =  XI 


MOQT  =+.0110M+.455IP- .00118MP+11 . 124 
MOOT  =  -.00686M+.1848P+.000303MP+16.406 
MOQT  =  .0162M+.5731P-.00211MP+12.097 
-1   MOQT  =  -.0520M-.3473P+.00298MP+24.298 
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Table  77i 
Moles  Inmediate  Posttest  (MOQT): 
Substitution  of  Extreme  Values  for 
 MARSTOT  (101-»-549)  and  PPRT  (!-»•  21) 


MARSTDT 

PPRT 

MP 

TREATMENT 

PREDICTED 
MOQT 

101 

1.11 

i 

1 

.46 

101  ' 

-.12 

P 

11.124 

12.57 

349 

3.84 

1 

.46 

349  ; 

-.41 

P 

11.124 

15.01 

t 

101 

1.11 

* 

21 

9.56 

2121 

-2.50 

P 

11.124 

19.29 

349 

3.84 

21 

9.56 

7329 

•S.65 

P 

11.124 

15.87 

101 

1 

.18 

101 

.03 

A 

16.406 

15.93 

349 

-  2.39 

1 

.18 

349 

.11 

A 

16.406 

14.30 

101 

-  69 

21 

3.88 

2121 

.64 

"A 

16.406 

20.24 

349 

-  2.39 

21 

3.88 

7329 

2.22  ' 

A 

in  ii 

1  .Oh 

•  i 

J. 

101 

.  Li. 

D 

12.097 

14.09 

349 

5.65 

0 

l 

.57 

349 

-.74 

D 

12.097 

17.59 

101 

1.64 

12.04 

2121 

-4.48 

D  * 

12.097 

21.29 

349 

5.t>5 

21 

12.04 

7329 

-15.46 

19 

*12.097 

14.32 

101 

-5.25 

1 

-.35 

101 

.30 

F 

24.298 

19.00 

349 

,18.15 

1 

-  .35 

349 

.04 

F 

24.298 

6.84 

101 

:5.25 

21 

-7.29 

2121 

b.32 

F 

24.298 

18.07 

349 

-18.15, 

21 

-7.29 

7329 

21.84 

F 

24.298 

20.70 

0 

ERIC 
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Table  78 

Stoichiometry  Immediate  Posttest  <SQ1):  « 
Mathematics  Anxiety  (M)  X  ProportioiIal\Reasoning  (P)  X 
/  Treatment  (XI -X3)  interaction  


Strategy 


Proportion 
^_Ana^.ogy  . 
Diagram 
Factor- Label 


Dummy  Variables 


Equation 


X3  =  1  SQT 

X2  =  1  SQT 

XI  -  1  SQT 

X3  =  X2  =  XI  =  -1  SQT 


- .0143M-.0112P+.000790MP+13 .159 
.00371M+. 3375P- .00122MP+7 .027 
. 01 20M+ . 3896P- . 001Z3MP+5 . 0 25 
-v 0318M- . 2028P+.00152MP+14 . 422 


J 
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Table  79 

Stoichiometry  Immediate  Po^ttest  ('•QT) : 
Substitution  of  Lxtreme  Values  for 
MARSTOT  (101s-  349)  apd  PPRT  (1  V21)  ' 


PREDICTED 


MAR57TOT 

PPRT 

Mr 

* 

TREATMENT 

101 

.-1   A/L  * 

1 

X 

.Ul 

xUx 

AO 

.Oo 

.    .  P 

10.159 

O  "70 

0.  /o 

•  *349 

1 

,  X 

90 
•  LO 

P 

10.159 

C  AT 

b.43 

101 

-1  4/1 

71 

91  91 

1 

1 .00 

P 

10.159 

•  inn 
10.  51 

-A  QQ 

•4  •  yy 

71 
Zx 

- .  Z4 

7Z9Q 

/  «>zy 

5.  /y 

P 

10.159x 

10.72 

101 

Z.7 

1 

X 

i  ni 

xUx 

1  9 

\  A 

7.027 

/.02 

349 

1  7Q 

1 

A  7 

A 

7.027 

0.  Zo 

101 

T7 
^  •  O  / 

21 

i*  X 

7  no 
/  .uy 

71  71 

£X£X 

9  CO 

-z  •  oy 

A 

7.027 

.li.yo 

1.29 

21 

7.09 

7529- 

> 

.-8!94 

A" 

•7.027 

6.47 

101 

l/2l 

1 

.39 

101 

-.12 

D 

5..025 

6.50 

"  ,  349, 

4419 

1 

.  .39 

349 

-.43' 

D 

5.025" 

,  9.17 

101 

1.21 

21 

8.18 

'.2121 

-2. ,61 

0 

5.025 

11.81 

t  349 

4.19 

21 

8.18 

7329 

-9.01 

D 

5.025 

8.38 

101 

-3.21 

1  . 

-.20' 

101 

.16 

F 

14.422  ' 

11.17 

•11.10 

1 

•  '.20 

.•  349 

.57 

F 

14.422 

3.69 

101  , 

-3.21 

'-21 

t4.26  • 

2121 

3.44 

F 

14.422 

10.39 

349  - 

11.10 

91 

-4.20 

7329 

11.87 

F 

14.422 

10.94 

ERIC 
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Table  80 

Molarity  Immediate  Posttest  (MLQT) : 
%  Mathematics  Anxiety  (M)  x  Proportional  Reasoning  (P).X 
 Treatment  fxi -X31  Interaction 


Strategy 


Proportion 
Analogy 
jjiagram 
F#ttor- Label 

_g  

-s  


Uumny  Variables 


Equation 


X3  =  1 
X2  =  1 
XI  =  1 


MLQT  =  -.00770M+.0984P+.000220MP+10.456 
MLQT  =  - .0.L70M+.0918P+  +  000526MP+11.975 
MLQT  =  .00966M+.4068P-.00110MP+7.074 


X3  =  X2  =  XI  =  -1    MLQT  =  -.00721M+.0376P+.000435MP+11.515 


9 

ERIC 
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Table  81 

Molarity  Inmediate  Posttest  (MLQT) : 
Substitution  of  Lxtreme  V  lues  for 
MARST0T  (101+  349)  and_PPgT  ILilH 


PKMJICTLU 


ilARSTOT 

• 

PPRT 

MP  ' 

TRfcATMfcNT 

101 

-.78 

1 

* 

.10 

101 

.02* 

P 

10.4:6 

9.80 

349  - 

2.69 

'  1 

.10 

:k349 

.08 

-  P 

10.456 

7.94 

101 

-.78 

*  21 

• 

2.07 

2121 

.47 

P 

10.456 

*  12.21 

349 

•2.69 

21 

2.07 

7329 

1.61 

P 

10.456 

11.45 

101 

-1.72 

1 

.OS 

101 

.05 

A 

11.975 

10.40 

349 

-5.93  1 

1 

.09 

349 

.18 

A 

11.975 

6.32 

101 

-1.72 

21 

1.93 

2121 

.1.12 

A 

. 11.975 

13.30 

349 

-5.93 

21 

1.93 

7329 

3.86 

A 

11.975 

11.82 

101 

.98 

1 

.41 

101 

-.11 

D 

-7.074 

8.35 

349 

3.37 

1 

.41 

349 

-.38 

U 

-7.074 

10.47 

101  . 

.98 

21 

8.54 

2121 

-2.33 

i) 

7.074 

14.26 

349 

3.37 

21 

8.54 

7329 

-8.06 

u 

7.074 

10.93 

101 

-.73 

1 

.04 

101 

.04 

F 

11.515 

10.87 

349 

-2.52 

1 

.04 

349 

.15 

F 

11.515 

9.19 

101 

-.73 

21 

.79 

2121 

.92 

F 

11.515 

12.50 

349 

-2.52 

21 

.79 

7329 

3.19 

F 

11.515 

12.98 
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re  25.   Molarity  Immediate  Posttest  (MLQT) :   Mathematics  Anxiety  (M)  X  Proportional  Reasoning 
(P)  X  Treatment  (XI -X3)  Interaction 


Table  82 

Molarity  Immediate  Posttest  (MLQT) j   General  Regression  Equation 

MLgT  -    -.0154(V)  +  .1122(1)  -  .00SS3(MARSTOT)  +  .1583  (PPRT)  + 
59.762(X3)  +  17.0321(X2)  -  64.'208(X1)__-  2.800(VX2)  + 
3.621(VX1)  -  2.851  CVX3)  -  3.008(1X3)  -  .6169(1X2)  + 
•3.293(1X1)  +  .3453(MX1)  -  .3930 (MX3)  -  .0440  (MX2)  - 
1.545(PX2)  ♦  4.101(PX1)  -  5.923(PX3)  -  .1950(VIX1)  -  , 
.1394(VIX3)  +  .1407(VIX2)  -  .0198(VMX1)  +  .0105(VMX2) 
+  .0210(VMX3)  -  .0192(IMX1)  +  .0207 (IMX3)  +  .00117 
(IMX2)  ♦  .23UCVP^*>28^4CVPX1)  ♦  .3654(VPX3)  - 
<.        .2088(IPX1)  +  .2916(IPX3)  +  .0602(IPX2)  -  .0212 

(PMXl)  +  .00240(PM>'2)  +  .0358  (PMX3)  +  .00115(VIMX1) 
—  ,00111 (VIMX3)  -  .000545 (VIMX2)  +  .0154(VIPX1)  - 
.0U4(VIPX2)  -  .0181(VIPX3)  +  .00153 (VPMX1)  -  .000763 
(VPMX2)  -  .00236(VPMX3)  +  .00121(IPMX1)  -  .0000512 
(IPMX2)  -  .00184 (IPMX3)  -  .0000911 (VIPMX1)  +  .0000390 

(VIPMX2)  +  .000122 (VIPMX3)  +  8.477 

*  .  - 

Vfoere-   VVQV  (V)    ■    15.807  MARSTOT   =  184.546 

WqI  (I)    =-^18.020  PPRT        =  12.614 
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Table  83  _ 
Molarity  Iirroediate  Posttest  (MLQT) :    F  Tests  for  Possible  Significant  Effects 


Mean  3 

■    11.308          S.U.  ■ 

■    2.907  Cases 

=  481 

Max.  =  15 

Predictor 

AR2  ' 

F  • 

Sig. Level 

o  CM  OTA 

1U  •  o\) 

m 

•  Ul 

MARSTOT 

.01498/ 

.01498/. 002071  = 

1.23 

:oi 

PPRT 

.06229  * 

.06229/. 002071  = 

30.08 

.01 

IMX1 
IMX3 
IMX2 

.00225 
.00985 
.00057 
.01267 

•0126?/3  =2.04 
.002071 

NSb  . 

_aLrr6r  lerm  =  (1- .18415)/427-33  =  .002071 
tyjS  =  Nonsignificant  u 


ERIC 
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Table  84 

Molarity  Immediate  Posttest  (MLQT) : ;  Main  Effects  Regression  Equation 

Equation:   MLQT  =■  .0964  (WQI)  -  .00481  (MARSTOT)  +°.171  (PPRT) 
+  8.483 
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Table  85 

Moles  Delayed  Posttest  (MOT) :    General  Regression  Equation 

MOT  =  +.00524 (V)'r+  .0269(1)  -  .00164  (M/VRSTOT)  +  .1735(PPRT) 
+  45.755(X3V  ♦  2.902QC2)  -  64.483(X1)  +  4.492(VX2)  + 
2.041(VX1)  -  2.193(VX3)  -  l. 221  (1X3)  -  1.048(1X2)  + 
3.994(1X1)  +  .3392(MX1)  -  .2872(MXJ)  -  .000665(MX2) 
+-.1.141(PX2)  +  3.440(PX1)  -  2.879  (PX3)  -  .1448(VIX1) 
+  .0978(VIX3)  +  .0277(VIX2)^  .U113(VMX1)  -  .00212 
(YMX2)  +  .0148(V1%3)  -  .0218(IMxi)  +  .0145(IMX3)  + 
.00452(^1X2)  -  .1335(VPX2)  -  .0666(VPX1)  +  .1443 
(VPX3)  -  .21b7(IFAl)  +  .1395(IPX3)  -  .00675(IPX2)  - 
.0177-(RmX1)  -  .00783(PMX2)  +  .0185(PMX3)  +  .000835 
(VBIX1)  -  .000708(VIMX3)  -  . 000149  (VIMX2)  +  .0057 
(V1PX1)  +  .00391  (VTPX2)  -  . 00637  (VIPX3)  +  .000346 
(VFMX1)  +  .000763 (VPMX2)  -  .000997 (VPMX3)  -  .00118 
(IPMX1)  -  .000143(IPMX2)  -  .000940 (IRDC3)  -  .0000332 
(VIBIXl)  -  .0000243  (VII*IX2>  +  .0000476 (VIMPX3) 
+  4.803 

'    Where  WQV  (V)    =    15.807  MARSTOT   =  184.546 

V.  _____  * 

WQI  (I)    -    18.020  PPRT        =  12.614 
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Table  86 

Moles  Delayed  Posttest  (MOT) :   Main  Effects  Regression  Equation 
Equation:   MOT  =  -.00207  (MARSTOT)  +  .168  (PPRT)  +  5.313 


% 

Table  87 

Moles  Delayed  Posttest  (MOT) :    F  Tests  for  Possible  Significant  Effects 


168- 


Mean  ■  7.289 


S.D.  =  2.112 


Cases  =528 


Max.  =  10 


Predictor 

A  R2 

MARSTOT 

.01030 

rrKl 

• 11Z4 / 

VMM 

.UUlO/ 

VNDC2 

.00552 

VMX3       '  _„_. 

.00064'  * 

* 

.00783" 

00250 

IMX2 

.00002 

.00907 

VPMX1 

.00098 

VPMX2 

.00382 

VPMX3 

.00076 

.005S6 

IPMX1 

.01011 

IPMX2 

.00173 

IPMX3 

.00089 

.01273 

Sig, Level 


.01030/.001672a-  6.16 
.11247/. 001672  =  67.27 

•0078V3    *  1.56 
.001672     *  *  ■ 


.00907/j    .  Kgl 


.001672 

.00556/3 
.001672 


1.11 


.01273/ 


3    =  2.54 


.001672 


.05 
.01 

NSb 


NS 


NS 


NS 


*Error  Terror  (l-.20907)/475-2  =  .001672 
3NS  =  Nonsignificant 


•  *  • 

f 

,  -  * 

Table  88 

Gas  Laws  Delayed  Posttest  (GLT) :   General  Regression  Equation 

GLT  -  -  .031600  *t  .0220(1)  -  . 00481  (MARSTOT)  +  .1305(PPRT) 

-  34.787(X3)  ♦  .4779(X2)  +  <.915(X1)  -  .6679CVX2)  - 
"  . 00906 (VX1)  V  1.796 (VX3)  *  2.699(1X3)  +  .00131(1X2) 

-  .516(1X1)  -  .0353(MX1)  +  .1410 (MX3)  -  .000'68(MX2) 
+  .1437(PX2)  -  .3314(PX1)  +  2.831(PX3)  +. 00585 (VIX1) 

-  .1309(VIX3) .0199(VIX2)  -  .00270(VMX1)  +  \00607 
(VM3C2)  -  .00585(VMX3)  +  .00245(IMX1)  -  .0117(IMX3)  *• 

;       .C00188(IMX2)  ♦  .0673(VPX2)  -  .0350  (VPX1)  -  .1623 
(VPX3)  ♦  .0259(IPX1)-  .2^22(IPX3)  -  .00927(IPX2) 
+  .1631(FMX1)  -  .00189(PMX2^-  .0109(PMX3)  +  .000120 
(VIMX1)  +  .000512 (VIMX3)  -  .00p247(VIMX2)  +  .00162 
(VIPX1)  -  .00237 (VIPX2)  «♦  . 0112 (V1PX3)  +  .000395 
(VPMX1)  -  .  000536  (VH1X2)  +  . 000575 (VPMX3)  -  .0000946 
(IFMX1)  +  .000105  (I»K2)  +  .000875(11*4X3;  -  .0000215 
(VIPMX1)  ■»  .0000 225 (VI1MX2)  -  .0000442 (VIPMX3) 
+  6.220 

Where  WQV  (V)    -    15.807         MARSTOT   ■    184.546  f 
WQI  (Tj    »    18.020  PPRT        «  12.614 
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Table  S9 

Gas  Laws  Delayed  Posttcst.(GLT) ;   Main  Lffgirts  KcgrWsion  liquation 


Equation;    GLT  «  -.0Q390  fMARSTOT)  ♦  .153  (PPRT)  ♦  .383  - 
-  -        .469  (X2)  -  .168  (XI)  ♦  6.095 


Where*  MARSTOT   =    184.56        PPRT   =  12.614 


Strategy  Dummy  Variables  GLT 

Proportion  X3  =  1  *  7.683 

X2  =  1*     '    '  6.831a 


Analogy  , 
Diagram 


XI  -  1       -       >*  7.132 


Factor-Label  X3  =  X2  =X1  =  -1  7.554 


aSignificantly  lower  tlian  mean 
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Table  >:0 

Gas  ggws  Delayed  Posttest  (Q:T) :    F  Tests  for  Possible  Significant  Effects " 

.*  '   t  ,  ;  

Mean  *  6.942         S.D.  =  2.523         Cases  ^515       Max.  =  16 


Predictor  AR?   F  .  Sig. Level 


*MARSTCT 

.01314 

. 01314/. 001806a= 

7.27 

1 

.01  ' 

t  PPRT 

.06643 

.06643/ .'001806  = 

36.78  1 

.01 

X3 
X2 
-  XI 

.00019 
.01621 
.00151  > 
70T79T  \ 

m  701 1 

.01791/3  „  3  31 

.001806 

'  .05 

X3 

.00019 

.00019/. 001806  .= 

.11 

NS1? 

X2 

.01621 

.01621/. 001806  = 

8.98 

.01 

XI. 

.00151 

'.00151/. 001806  = 

.84 

■  NS 

PX2 
Htf 
PX3 

.00000 
.00040 
.00783 
.00822 

.OO822/3  .  1#52 
,001806 

NS 

^Error.  Term  =  (l-.16555)/463  -  0.001806 
t>NS  ■  Nonsignificant 


Table  91. 

Gas  Laws  Delayed  Fosttcst  (C.l.T) :    Calculations  ^or  "Fourth"  Effect 


I'actor-Label  Treatment 


t  -  "g  J»  %    -    df\±  n-k-1 

o  —       - — — ■  ■  1  \ 


~  .2 


~  2 

•   sd*    y  =  sd  Y(1.R)2    n      =    2.5232  (1 -.10140)     515      =  5.81 


t,  =  -4(.385  -  .469  -  .168) 
4   


/5«bl  tit    m  m  ^ 


4  

/S.81(.089b4) 
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Table  92 

Stoichiometry  Delayed  Posttest  (ST) ; •  General  Regression  Equation 

ST  -  -._0317(V)  -  .0193(1)  -  .00899 (MARSTOT)  +  .1737 (PPRT) 

-  9.168(X-3)  +  1.300(X2)  -  5.708(X1)  -  1.801(VX2)  +^ 
.423CVX1)  ♦  1.046(VX3)  +  .3059(1X3)  +  .0381(1X2)  ♦ 
.682(1X1)  +  .0633(MX1)  -  .0343(MX3)  +  .0163(MX2)  + 
.9360(PX2)  -  .2066(PX1)  ♦  1 . 741 (PX3)~-  .0435(VIX1) 

-  .0533(VIX3)  -  .0909(VIX2)  -  . 00617  (VMX1)  ♦  .00892 
(VMX2)  -  . 000308  (V.  1X3)  -  .00519  (IMX1)  +  .00251(IMX3) 

.  -  .00151 (IMX2)  +  .0746 (VPX2)  +  . 00135 (VPX1)  -  .148 
(VPX3)  -  .0134(IPX1)  -  .0900 (IPX3)  -  .0458(IPX2)  - 
.00128(PMX1)  -  .00685(PMX2)  -  .00135(PMX3)  +  .000416 
(VIMX1)  -  .0000377 (VIMX3)  -  .  000452  (VIMX2)  +  .00117 
(VIPX1)  -  .00395 (VIPX2)  +  .00827(VIPX3)  ♦  .0002S8(VPMX1) 

-  .000334 (VPMX2)  +  .000295 (VPMX3)  +  .000198 (IPMX1)  + 
.000344 (IPMX2)  +  .0       .  -  (IPMX3)  -  .0000197 (VI PMX1)  + 
.0000184 (VIPMX2)  -  .0000207 (VIPMX3)  +  6.989 

(tt^eW^  (V)    -    15.807  MARSTOT   =  184.546 

WqT  (T)    -    18.020  PPRT       =  12.614 


'ERIC  u° 


Table  93 

Stoichiometry  Delayed  Posttest  [Sgj :    Main  Effects  Regression  Equation 
Equation:    Si"  •-  .00798  (MAHSTOT)  ♦  .188  (PPRT)  +  6.927 
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— *  "         •  Table  94  ' 

Stoichionetry  Delayed  Posttest  (ST) :   F  Tests  for  Possible  Significant  Effects 


Mean  •  6.719 

S.D.  »  2.757 

Cases  =  528 

Max.  -  10 

Predictor 

iR2  ■ 

F 

Sig. Level 

MARSTOT 

.03557 

. 03557/. 0017743- 

20.05 

.01 

PPRT 

.08180 

.08180/. 001774  = 

46.11 

.0l' 

VX2 
VX1 
VX3 

» 

.00000 
.00602 
.00001 

.00603  , 

.00603/3  .  1>13 
.001774 

NSb 

aError  Term  -  (l-.17l58)/475-8  =  .001774 


**tiS  ■  Nonsignificant 


ERIC 
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Table  95 

ACS-NSt'A  Problems  Subtest  (ACSPROB) : 
General  Regression  liquation 

ACSPROB  -  ♦  .00918(V)  +  .0293(1)  -  .00436 (MARSTOT)  +  .1966(PPRT) 

-  29.4124 (X2)  -  S7. 196(H)  +  129. 818 (X3)  +  2.329 (VX2) 
+  1.151(VX1)  -  7.958 (VX3)  +  3.363(1X1)  +  1.093(1X2) 

-  6.139(1X3)  +  .3843(MX1)  -  .7575(MX3)  .+.1870(MX2)  ' 
+  3.880(PX2)  +  2.6S5(PX1)  -  9.024(PX3)  -  .0862(VIX1) 

-  .0947 (VIX2)  +  .5895(VIX3)  -  .0129 (VMX1)  -  .0143 (VMX2) 
+  .4749 (VMX3)  -  .U234(IMX1)  -  .00749 (IMX2)  ♦  .0369 (IMX3) 

-  ,2809(VPX2)  -  . 00385 (VPX1)  +  .556S(VPX3)  -  .1716(IPX1) 

-  .lbS2(IPX2)  +  .4365 (IPX3)  -  .0197 (PMX1)  -  .0212(PMX2) 
+  .0S13(PMX3)  +  . 000918 (VIMX1)  *  .000594 (VIMX2)  -  .00242 
(VIMX3)  +  .00274 (VIPX1)  +  .0123(VIPX2)  -  .0281(VIPX3) 

-  .00150 (VPMX2)  +  .000487 (VPMXi)  -  .00329 (VPMX3)  + 
.00091S(IPMX2)  +  . 00130 (IPMX1)'-  .00257(IPMX3)  - 
.1)000409  (VIPMX1)  -  .0000686 (VIPMX2)  ♦  .000174 (VIPMX3) 
+  2.495 

MAKSTOT  ■  184.546 
PPRT        =  12.614 


Where        WQV  (V)    IS. 807 
WQI  (I)  18.020 

— 4  :  


ERIC 
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Table  96 

ACS-NSTA  Problem  Subtest  (ACSPROB) :   Main  Effects  Regression  Equation 
Equation:    ACSPROB  -  -.00368  (MARSTOT)  +  .194  (PPRT)  +  3.298 


\ 
\ 


2it) 


/ 
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Table  97 

ACS-NSTA  Problems  Subtest  (ALSPkOB) :    F  Tests  for  Possible  Significant  Effects 


Mean  =  4.944 


S.l).  «  2.245 


Cases  -  377 


Max. 


10 


Predictor 

L  R2 

MARSTCrr 

.02154 

PPKl 

. 1JO/U 

mi 

.00005 

PMXZ 

.00054 

PMX3 

.0140$ 

.01462 

VIPX1 

.01237 

VIPX2 

.00083 

VTPX3 

.00030 

.01350 

viimi 

.00026 

Vli*K2 

.-00005 

VIIMX3 

.01182 

.01213 

VTMX2 

.00113 

VTMX1 

-.00548 

VPMX3 

.00038 

.00699 

.02154/. 002222a»  9.69 
.13670/.002222  =  61.52 

•01462/3  »  2.19 


.002222 


.01350/5  =  2>03 
.002222  - 


.OI213/3 
.002222 


.00699/3 
.002222 


=  1.82 


1.05 


aLrror  Term  =  (l-'.28004)/324  =  .002222 
^S  =  insignificant 


Sig. Level 


.01 
.01 

NS5 


NS 


NS 


NS  , 
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Table  98 

ACS-NSTA  Nonproteins  Subtest  (ACSNPROB) : 
General  Regression  Equation 


ACSNPRC0  -  +. 00693 (V)  ♦  .0524(1)  -  .00731 (MARSTOT)  +  .3937 (PPRT) 

-  3.4779(X2)  -  71.362(X1)  ♦  160.455(X3)  ♦  1.812(VX2) 
+  2.667(VX1)  -  8.499(VX3)  ♦  3.864(1X1)  -  1.159(1X2) 

-  6.968(1X3)  ♦  .5057(MX1)  -  .9678(MX3)  *  .0369(MX2) 
+  1.884|PX2)  ♦  2.679(PX1)  -  9.341(PX3)  -.1803(V1X1) 

-  .0110j'(VIX2)  ♦  .3824(VIX3)  -  .0220  (VMXl)  -  .00858 
(VMX2)  ♦  .0519 (VMX3)  -  .0300 (IMXI)  ♦  .00396 (IMX2) 

♦  .045cj((MX3)  -  .2286(VPX2)  -  .0232(VPX1)  ♦  .4012 
(VPX3)i-  .1442(IPX1)  -  .0214(IPX2)  +.3919(IPX3) 

-  .02^8  (MCI] I  -  .^08^2 (PM>2)  +  .0547 (PMX3)  ♦  .00156 
(VIMXil  ♦  .0000553  (VIMX2)  -  .00252TV&«3)  ♦  . 00422 
(VIPXl):  ♦  .00685(VIPX2)  -  .0173(VIPX3)  ♦  .00113(VPMX2) 

♦  .006660  (VPMX1)  -  .00254  (VPMX3)  ♦  .000109  (IMC2) 

♦  .00143  (IPMXl)—  .00247(IPMX3)  -  . 0000652 (VIPMX1) 

-  .000QJ41(VIPMX2)  +  ;000123(VIPMX3)  ♦  8.468 

  --'I     

Where       WQV  (V)  X  15.807  MARSTOT   «  184.546 

WQI  (I)    -   18.020  PPRT        -  12.614 


\ 

\ 

A 
\ 

\ 
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Table  99 

ACS-NSTA  Nonproblems  Subtest  (ACSNPROB) :    Main  Effects  Regression  Iquation 
liquation:   ACSNPROB  -  -.00706  (MAKSTOT)  +  .398  (PPRT)  ♦  10.2S0 
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Table  100 


ACS-NSTA  Nonproblems  Subtest  (ACSNPROB) :    F  Tests  for  Possible  Significant  Effects 


Mean  -  13.454 

S.U. 

-  4.243         Cases  -  377         Max.  -  30 

Predictor 

« 

F  1 

Sig. Level 

MARST0T 

.02361 

. 02361/. 002205a-  10.71 

.01 

PPRT 

.16093 

.16093/. 002205  =  72.98 

.01 

1X1 
1X2 
1X3 

.00040 
.01091 
.00401 
.01532 

 .01532>3  ^  2  32 

.002205 

NSb 

PMX1 
PMX2 
PMX3 

.00103 
.00340 
.01033 
4  .01476 

•01476/3  =2.23 
.002205 

NS 

aError  Term  -  (1-. 28569) /324  -  .002205 


*NS  -  Nonsignificant 
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Table  101 
Results  of  the 
Decimal -Nondecimal  Subtests  Comparison 


Test 

n 

X 

S.D. 

S.E. 

t 

Decimal 

421 

10.81 

1.90 

.093 

6.49 

<.001 

Nondecimal 

421 

11.31 

1.48 

.072 

9 
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Table  102 
Means  an  ACS-NSTA  Exam 
According  to  Notation  Used 


v' 

Notation  n  x  Scheffe  p 

None  315  16.62 

Some  28  17.79  -  ' 

Complete  166  20.63  .05 


r 


uc  ' 


2U) 
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Table  103 

4 

Analysis  of  Variance  for 
Amount  of  Notation  Used 


Source 


D.F. 


Between  Groups  2 
Within  Groups  506 
Total  508 


Sum  of  Sg[Uares 


Mean  Squares       F  Ratio 


F  Prob 


1744 
13394 
15138 


872 
26 


32.95 


<.0001 


217 
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Table  104 

Chi  Square  Analysis  of  Differences  of  Notation  According  -to  Strategy 


4 

* 

Degree  of  Notation 

Treatment 

,None 

"*  ™  Some  • 

Complete 

Factor*  Label 

I 
\ 

S4!2° 
22. 5^ 
13.  g4 

■'  £ 

14T.3 
.8 

56  • 
42.7 
33.7 
H.O 

0 

1  \ 
\ 

\ 

\ 

\   •               •  • 

Analogy 

80 
61.1 
25.4 
15.7 

8 

6.1 
28.6 
1.6 

43 ' 
32.8 
2S\9 
8.4  .. 

«> 

Diagram  « 

.82 
63.1 
26.0 
16.1 

10 
7.7 
35.7 
2.0 

38 

.291.2 
.22.9 
7.5 

3 

\ 

m  Proportion 

82 
70.1 
26.0 

16  :i 

6 

5.1      •  ■ 
21.4 
1.2 

•  .  ^9 
24.V*  ■ 
17.5  . 
5.7 

I 

\ 

1 

31S 
61.9 

28  • 
\  5.5 

166  . 
32.6"  . 

• 

w 

* 

Chi  Square  12.03 
df        '  6 

V               .  .11 

Significance  .06 

,  fCount 
bRow  percentage 
^Colum'  percentage 
^Total  percentage 

■  ( 

\ 

4 

9 
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,  .  Table  105 

Means -for  Total  Time  Analysis  of 
Data  for  Proportional  Reasoning  Ability 


Treatments 


Non- 
Proportional 


Proportional 


Colum 
Total 


Low 

63 
16 
1004 
15 

59 
6 

355 

•  12 


Proportional  Reasoning  Ability 

High  How  Total 


62 


a 


,b 


1359) 
14d 


60 
24 
1437 
17 

75 
6 

450 

*19 

63 
30 
1187 
19 


61 
40 
2441 
16 

67 
12 
805 
17 

62 
52 
3246 

'  17 


*  Mean 
o 

c  Sum 


Count 
Sum 

d  Standard  Deviation 
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Table  106 
Analysis  of  Variance  for 
Proportional  Reasoning  Total  - 
Tijne  Analysis  for  Gas  Laws 


Source  of 
Variation 

Sum  of 
Squares 

DF 

Mean 
Square 

F 

Significance 
of  F 

Main  Effects 

370 

2 

185 

.69 

.51 

Treatment 

354 

1. 

.  354 

1.31 

.26 

PPRT 

31 

1 

31 

.116 

.73 

2 -Way  Interaction 

800 

1 

800 

2.96 

.09 

Explained 

1170 

3 

390 

1.44 

.24 

Residual 

12960 

48 

270 

Total 

14131 

51 

277 

220 


Table  107 


\ 


Treatments 


Non- 
Proportional 


Proportional 


Col^nn 
Totaj. 


Means  for  Total  Time  Analysis  of  \ 
Molarity  Data  for  Proportional  Reasoning  Ability 


Low 


Proportional  Reasoning  Ability 


129 
12 
1547 
37 

143 
3 

430 

36., 

132a 
15b 
1977c 
35d 


"High" 


Row  Total 


110 
23 

2538 
34 

118 
5 

589 
21 

112 
28 
3127 
32 


117 
35 
4085 
35 

127 
8 

1019 
28 

118 
43 
5104 
34 


f  Mean 
b  Count 
a  Sun 

a  Standard  Deviation 
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Table  i08 
Analysis  of  Variance  for 
Proportional  Reasoning  Total  - 
Time  Analysis  for  Molarity 


Source  of 
Variation 

Sun  Of 
Squares 

DF 

Mean 
Square 

F 

Significance 
of  F 

Itain  Effects 

4607 

2 

2304 

2.05 

.14 

Treatment 

6S3 

1 

653 

.58 

.45 

PPKT 

3868 

1 

3868 

3.43 

.07 

2 -Nay  Interaction 

73 

1 

73 

.4!e 

.80 

Explained 

4681 

3 

1560 

1.38 

.26 

Residual  1 

43927 

39 

1126 

Total 

i 

48609 

42 

1157 

I' 


1 

! 

i 


! 
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Table  109 
Summary  of  Questionnaire  Data 


Item 

Response 

Number 

Percentage 

F 

XJ 

P 

F 

P 

1 

X 

iicvvi  tjntxiiucvi 

55 

HO 

71 

L  1 

52 

45 

23 

it  %J 

45 

^VirmpH  iviT*t"  nT  nil 

uKlUUCU    UK»1  U    VJi  Oil 

65 

71 

88 

55 

53 

57 

75 

48 

Response  not  clear 

3 

7 

2 

8 

2 

6 

2 

7 

2 

it 

T*f  skinned  iwvre 

15 

27 

20 

triwarti  pnd 

28 

1  ft 

O  tm 

23 

23 

4 

4 

6 

4 

3 

3 

5 

3 

Resnonse  not  clear 

9 

*  4 

10 

7 

7 

3 

9 

6 

No  response 

10 

26 

19 

9 

8 

21 

16 

8 

All  four  units 

16 

21 

21 

16 

13 

17 

18 

1  A 

14 

Didn't  skin 

56 

51 

29 

56 

46 

41 

25 

49 

3 

Yes 

110 

75 

67 

92 

89 

60 

57 

80 

Ifndf^rided 

UIhIvV  1UVU 

0 

3 

o 

1 

0 

2 

0 

1 

No 

13 

32 

35 

20 

11 

26 

30 

17 

No  response 

0 

14 

15 

.  2 

0 

11 

13 

2 

A 

AxX   UI    Hit-    LXilK?  v/Wj 

106 

42 

101 

86 

45 

36 

88 

ral  c  Ul    L11C  i~XJlK; 

12 

24 

26 

11 

10 

19 

22 

10 

Undecided 

0 

1 

0 

0 

0 

1 

0 

0 

Never  (no) 

4 

JO 

3 

3 

29 

38 

3 

KIr\   roc  tv\n  c  a 

response 

1 

7 

A 
H 

o 

1 

6 

3 

0 

C 
D 

it?  acne  r 

11 

9 

4 

5 

9 

7 

3 

4 

Another  student 

1 

1 

1 

3 

1 

1 

1 

3 

Tpvthook 

2 

1 

2 

0 

2 

1 

2 

0 

Different  packet 

5 

2 

n 
u 

2 

4 

2 

n 

2 

iio  response 

98 

89 

74 

94 

80 

72 

63 

82 

Other 

6 

22 

36 

11 

5 

18 

31 

10 

6 

None  or  blank 

104 

112 

105 

79 

85 

90 

90 

69 

Left  out  details 

10 

7 

5 

30 

8 

6 

4 

26 

Other 

9 

5 

7 

6 

7 

4 

6 

5 

7 

Yes 

11 

11 

6 

7 

9 

9 

5 

6 

No 

107 

108 

105 

103 

87 

87 

90 

90 

Sometimes 

2 

1 

1 

1 

2 

1 

1 

1 

No  response 

3 

4- 

5 

4 

2 

3 

4 

3 

123 

124 

117 

115 

100 

100 

100 

100 

ERIC 


223 


191 


Response 


Table  110 
jsponses  to  Questionnaire  No.  8 


Very  explanatory 
Answers  given 
Lisy  and  fast 
Helped 

Self  pacing/help 
Examples 

Step-by-step  (logical) 

Better  than  class 
(teacher) 

Better  than  book 

Practice  problems 


Number 


Analo£y      Diagram  Proportion 

(6 


2 
0 


3 
4 


5 
3 


Total 


18 

9 

5 

58 

7 

11 

11 

41 

14 

9 

7 

36 

7 

3 

8 

33 

7 

3 

8 

22 

6 

0 

22 

1 

3 

6 

17 

5 

7 

2 

16 

13 
10 


192 


Table  111 
Responses  to  Questionnaire  No.  9 


Number 


Response    

Factor -Label 

Analogy 

Diagram 

Proportion 

Total 

Too  long  or  too  many 

22 

14 

13 

23 

72 

Boring  (monotonous) 

7 

8 

12 

9 

36 

Method  itself 

0 

20 

6 

0 

26 

Confusing,  complicated 

6 

5 

6 

7 

24 

Tests  or  quizzes 

5 

7 

2 

4 

24 

Not  enough  time 

3 

7 

5 

5 

20 

Moved  too  fast 

5 

3 

2 

6 

16 

Problems/math 

3 

2 

4 

4 

13 

Repetitious 

'  2 

4 

0 

4 

10 

Not  enough  practice, 
review  or  explanation 

2 

2 

1 

2 

7 

Keeping  packets 

0 

3 

2 

0 

5 

Too  hard 

1 

1 

2 

1 

5 

Too  easy 

2 

0 

0 

3 

5 
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INTERVIEW  STUDY 


0 

ERIC 


The  second  part  of  this  investigation  consisted  of  an  interview  study 
to  determine  the  processes  that  students  use  in  solving  chemistry  problems. 
This  also  provided  a  follow-up  on  the  aptitude  by  treatment  interaction 
study  to  see  if  students  were  using  the  teaching  strategies  (treatinents) 
taught. 

Background  Inforaation 
Nhe'use  of  an  interview  technique  to  determine  students9  problem \solving 
behavior  has  certain  advantages  over  paper  and  pencil  techniques .   Mum  more 
information  can  be  gathered  in  an  unobtrusive  maimer  about  what  studentsV  are 
actually  thinking  through  the  use  of  interviews.   On  the  other  hand,  there  are 
always  the  disadvantages  of  using  a  small  sample  size  (interviewing  students 
and  analyzing  the  interviews  is  a  time -consigning  process)  of  possible  incon^ 
sistency  across  interviews  and  among  interviewers,  and  possible  lack  of  re1 
liability  in  the  coding  of  the  interviews. 

The  approach  used  in  this  study  was  one  of  having  students  think  aloud 
while  solving  the  problems1.    In  mathematics  this  approach  which  follows  that 
used  by  Kilpatrick  (1967)  is  fairly  cannon.   Kilpatrick  tape-recorded  students* 
solving  problems  out  loud  and  then  in  order  to  trace  the  solution  path,  developed 
a  coding  scheme  based  on  Pdlya's  heuristics.   This  included  examining  whether 
students  understood  the  problem,  devised  a  plan  for  solving  it,  carried  out  the 
plan,  and  evaluated  what  had  been  done.    Subsequent  studies  in  mathematics  have 
modified  Kilpatricks •  system  by  adding  more  specific  process  behavior  (for  ex- 
ample, Lucas,  1974;  Kantowski,  1974;  and,  Days,  1977).   At  the  present  time, 
Kulm  of  Purdue  University  is  synthesizing  data  of  interviews  made  by  17  other 
investigators  using  a  Modification  of  a  protocol  developed  by  Smith  (1977)  which 
is  somewhat  content  free. 

Using  an  interview  technique  to  detemine  students*  problem  solving  processes 
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in  science  is  not  now.    In  the  area  o£-physics,  work  has  been  done  by  Towbridge  and 
McDermott  (1980)  at  the  University  of  Washington  and  Clement  (1979)  at  the 
University  of  Massachusetts .    The  tediniques  used  by  both  investigators  in- 
volved more  int^ehtion  than  that  used  in  the  "think  aloud"  technique. 

In  the  area  of  chemistry,  Nurrenbern,  (1979)  studied  high  school  students1 
behavior  when  solving  stoichiometric  limiting  -  reagent  problems.    She  compared 
the  processes  used  by  formal  and  concrete  students  using  the  "think  aloud" 
technique ,  and  coded  data  according  to  a  schema  based  on  that  of  Days  (1977) . 
Because  of  the  similarity  of  this  project  to  her  dissertation  study  and  in 

order  to  compare  these  results  with  hers  and  those  available  in  mathematics 

» 

education,  the  "think  aloud"  technique  was  ijsed  for  this  study.    Data  were 

coded  using  a  modification  of  the  Nurrenbern  coding  sheet. 

Questions  Studied    j  • 

This  interview  study  sought  to  answer  the  following  quest ions: 

1.    Are  there  differences  in  the  problem  solving  strategies  used  by   


students  of  different  verbal -visual  preference? 

2.  Are  there  differences  in  the  problem  solving  strategies  used  by 
students  of-different  proportional  reasoning  ability? 

3.  Are  there  differences  in  the  problem  solving  strategies  used  by 
students  who  are  successful  problem  solvers  versus  those  classified  as 
unsuccessful? 

4.  Are  there  differences  in  the  problem  solving  strategies  used  by 
students  who  have  been  taught  to^solve  problems  according  to  different 
methods?  ^ 

^5.    Are  there  differences  in  the  problem  solving  strategies  of 
students  who  solve  the  problem  correctly  versus  those  who  do  not? 

6.   Are  the  number  of  questions  a  student  answers  correctly  related  to 
their  verbal -visual  preferAce,  their  proportional  reasoning  ability,  whether 


ttfice,  their  propose 

>  •  1 
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they  are  successful/unsuccessful  in  problem  solving,  the  method  used  in 
learning  to  solve  problems  and  the  number  of  problems  solved  correctly? 

Methods  and  Procedures 

Sample 

The  major  objective  of  this  study  was  to  compare  processes  students  used 
who  were  successful  problem  solvers  with  those  who  were  unsuccessful.  Some 
criterion  had  to  be  selected  on  which  success  could  be  judged.    There  were  two 
possible  options.    Success  could  be  judged  by  outcomes  on  the  problems  students 
were  asked  to  solve  while  being  interviewed.    The  other  alternative  was  to 
judge  success  on  the  basis  of  how  well  students  performed  on  the  immediate  or 
delayed  posttests  administered  for  the  aptitude  by  treatment  interaction  study. 
Because  the  success  rate  was  so  iow  on  the  problems  students  solved  while 
thinking  aloud,  and  because  it  was  impossible  to  know  this  in  advance  of  the 
interviews,  the  decision  was  made  to  base  success  or  lack  thereof  on  students' 
scores  on  the  immediate  and  delayed  posttests. 

If  this  interview  study  had  not  followed  the  treatments  in  Part  I  of  this 
stpdy,  there  would  have  been  no  need  to  be  concerned  about  other  classifications 
for  selection  of  students  to  be  interviewed.    Because  this  was  not  the  case,;  an 
effort  was  made  to  select  students  for  interviews  who  had  various  degrees  of 
proportional  reasoning  ability^nd  verbal -visual  preferences.   The  ideal  select- 
ion process  would  have  been  to  include  students  in  each  of  the  categories  shown 
in  Figure  26  .    It  was  originally  intended  that  eight  successful  and  eight  un- 
a  successful  students  in  each  cell  for  each  of  the  four  chemistry  topics  studied 
(moles,  gas  laws,  stoichiometry,  and  molarity)  be  included  in  the  study.  This 
would  have  resulted  in  64  students  per  topic  or  a  total  of  256  interviews. 

In  reality  iT  was  not  feasible  to  obtain  this  distribution  for  several 
reasons.    First,  for  some  of  the  categories  the  number  of  students  having  the 
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Ideal  Sample 
Proportional  Reasoning 


Low 

High 

S 

U 

S  U 

Visual 

8 

8 

8  8 

S 

U 

S  U 

Verbal 

8 

8 

8  8 

Visual 


Verbal 


Visual 


Verbal 


Moles  Unit 

Proportional  Reasoning 
Low 


Actual  Samples  , 


s  u 

5  11 

S  b 
15  5 

s  u 

6  14 

s.  u 

13L  3 

Stoichiometry  Unit- 

Proportion  st  Reasoning 
Low  High 

S  U 
8  7 

S  b 
11  7 

S  u 
3  13 

S  u 
12  5 

Visual 


Verbal 


Visual 


Verbal 


Gas  Laws  Unit 

Proportional  Reasoning^ 
Low  High 


s  u 

2  12 

S  u 
8  8 

S  u 
9  10 

S  U 
9  6 

Molar^  Unit 

Proportional  Reasoriing 
Low          '  High 

S        U  , 
5  8 

S  U 
10  7 

S         U  , 
10  5 

S     '  u 
7  3 

Figure  26  .    Ideal  sample  versus  real  samples  of  students  interviewed. 
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desired  characteristics  was  expected  to  be  small/  For  example*,  most  students 

v4io  had  high  proportional  reasoning  ability  were  successful  and  those  with 

low  proportional  reasoning  ability  unsuccessful.*  Second,  an  attempt  was  made 
« 

not  to  interview  any  students  a  second  time.    (This  happened  in  no  more  than 
21  of  the  interviews.)    These  reasons,  together  with  the  fact  that  there  were 
a  limited  lumber  of  students  from  whom  to  select,  (had  taken  the  original 
aptitude  tests,  obtained  peiroission  from  their  parents  and  wanted  to  partici- 
pate) made  it  difficult  to  find  students  with  the  correct  combination  of 
aptitudes  who  were  available  during  the  times  when  interviews  were  conducted. 

As  the  interviews  progressed,  another  factor  became  evident.  Some  students 
who  did  very  poorly  on  the  tests  were  poor  candidates  for  interviews  because 
their  reason  for  doing  poorly  was  that  they  were  absent  from  school  frequently  ^ 
and  had  not  had  the  appropriate  instruction.   An  effort  was  made  to  avoid  in- 
terviewing these  types  of  students  as  the  project  progressed. 

Because  of  the  above  considerations,  the  resulting  number  of  students  in 
each  category  was  not  equal.    The  actual  distribution  based  on  the  delayed 
postfjest  scores  is  shown  in~  Figure  26  . 

Procedures  '  )  * 

The  following  procedures  were  used  for  the  interview  study: 

1.  After  students  had  completed  both  the  immediate  and  delayed  posttests 
for  each  unit ,  results  were  obtained  and  selection  of  students  made  on  the 
basis  of  their  aptitude  scores  on  the  proportional  reasoning  test,  the  verbal - 
visual  test  and  their  availability  during  the  time  in  which  the  interviewers 
would  be  in  the  school.    (Students  completed  a  schedule  form  at  the  beginning 
of  the  semester*.    A  copy  of  this  form  is  found  in  Appendix  I  ). 

2.  Chemistry  teachers  were  notified  of  which  students  were  to  be  inter- 
viewed and  informed  students  of  the  date,  time  and  place.  4  % 
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3.  IWo  to  three  interviewers  went  to  the  school  for  the  interview. 
Two  of  these  were  doctoral  students  in  science  education,  one  a  masters1 
degree  student.    Prior     to  their  going  for  the  first  interview  a  de- 
tailed booklet  as  shown  in  Appendix  J  was  prepared  giving  the  interview 
protocol.    Ihis  protocol  was  discussed  in  advance  and  although  there  were  ^ 
no  formal  training  sessions,  some  of  the  earliest  interviews  were  used  as 
practice  sessions.    The  results  from  these  interviews  were  not  analyzed. 

4.  Because  teachers  felt  that  calling  these  sessions  "interview 
sessions11  might  not  be  well  received  by  students,  they  werje  call  "feedback 
sessions".   A  copy  of  the  procedures  as  described  to  the  teachers  is  given 
in  Appendix    K  .    These  were  slightly  modified  as  follows: . 

a.  Time.    Each  session  lasted  approximately  45  minutes,  and  was  con- 
ducted, when  possible,  during  study  periods.    It  was  necessary  at 
times  to  have  sessions  after  school  and  during  class  time    (at  the 
teacher's  discretion) . 

b.  Place..  The  session  took  place  in  a  separate  room  away  from  the 
chemistry  classroom. 

c.  Supportive  materials.    Audio -tapes  and  recorders  were  "heeded  to 
record  the  interview.  . Students  were  provided  with  a  periodic  table, 
unlined  paper,  and  a  pencil.   Originally  a  calculator  was  provided. 
After  the  first  few  interviews  a  decision  to  disallow  the  use  of  a 
calculator  was  made.    The  calculator  seemed  to  inhibit  the  student 
from  using  the  "think  aloud"  technique.    He/she  pushed  buttons  instead. 

d.  Selection  of  students.  Students  were  selected  as  described  above.  , 
In  oipder  to  encourage  participation,  $3.00  was  paid  to  each  student  who 
participated  in  the  interview.  (In  one  school  it  was  the  desire  of  the 
principal  not  to  pay  students  so  this  was  not  done.    Because  of  this  it 
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was  wore  difficult,  to  get  students  to  participate,  particularly  after 
school). 

e.  Initial  instruction' to  the. student.   Prior  to  the  feedback  session, 
the  students  were  given  the  following  instructions: 

1.  The  student  was  told  that  he/she  would  be  solving  problems  like 
he/she  had  done  in  class.  '  * 

2.  The  student  was  told  that  the.sessionptas  private.   The  concept 
of  coof>l$te  privacy  was  emphasized.    The  student  was  insured  that  nothing 
said,  nor  the  results  of  any  problems,  would  be  repeated  to  the  teacher 
or  to  the  classmates  of  the  student. 

3.  The  student  was  infoiroed  'thai  the  interviewer  wa*  primarily, 
interested  in  how  the  problems  were  solved. 

4*    Each  student  was  asked  if  he/she  objected  to  being  recorded, 
and  was  told  that  they  would  not  be  required  to  listen  to  the  tape 
being  replayed. 

3  V 

f.  During  the  session  the  students  used  a  "think  aloud"  technique. 
This  technique  was  divided  into  three  sections  as  follows : 

1.  Think -Aloud  Warm-Up:/ 

a.  The  student  listened  to  a  short;  tape  of  a  person  solving 
a  problem  aloud.  - 

b.  The  student  was  taped  while  solving  a  think-aloud  problem 
from  Whintoey.  t  ^ 

c.  The  student  was  informed  of  the  importance  of  thinking 
aloud  while  solving  the  problems  during  the  session. 

2.  Questions  *  Section:   Chemistry  content  questions  were  asked  to 
establish  students'  knowledge  of  chemistry  that  was  considered  . 

.  essential  for  solving  the  chemistry  problems. 
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3.    Problem  Section;    Three  problems  were  presented  to  each  student 
from  a  pool  of  items  of  each  type  that  stxidejjte  tried  to  solve  while 
thinking  aloud.    The  interviewer  prompted  students  with  a  general 

i 

quest  ion  such  as,  "What  are  you  thinking  now?"  when  the-tkink  aloud 
process  broke  down.    No  hints  to  the  problem  Solving  were  given.  The 
-interviewers  took  notes  on  paper  while  the  student  thought  aloud. 
According  to  other  researchers  this  is  supposed  to  stimulate  the 
think  aloud  process. 

Instruments 

Aptitude.jfeasures  > 


f55 

i  Prop 


Ihe  Proportional  Reasoning  Test  and  the  Verbal -Visual  Preference  Test 
were  used  to  classify  the  students  according  to  their  aptitudes. 

Approximately  hair  of  the  stulents  who  were  interviewed  for  each  of  the 
four  topics  Were  considered  low  in  proportional  reasoning.    The  other  half 
was  considered  high.    For  the  moles  unit,  students  scoring  less  than  or  equal 
to  13  w***e  classified  r    low  whereas  students  scoring  above  13  were  classified 
-  as  high.    For  the  gas  laws  and  stoichiometry  units,  the  cut  off  point  was  11, 
and  for  molarity  12. 

For  the  purposes  of  classification,  the  scoring  of  the  Verbal -Visual 
Preference  Test  was  modified  to  give  students  a  single  score.    This  was  done 
by  scoring  one  point  for  agreement  with  items  that,  are  imaginal  in  nature  and 
also  one  point  for  disagreement  with  items  that  are  verbal  in  nature.    This  ' 
new  method  is  a  trans formation  of  the  original  method  by  the  following  function: 

WP  =  EIC  -  EVC  *  V 
where  WP  is  the  Verbal -Visual  Preference  score,  Ic  represents  the  nipber  of 
ijnagery  items  scored  'correct'  by  the  Paivio  method,  Vc  represents  the  number  oi 
verbal  items  scored  'correct'  by  the  Paivio  method,  and  V  is  the  total  number  of 
'  verbal  items  (a  constant  -  31)     For  a  subject  scoring  22  on  the  imagery  scale 
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and  17  on  the  verbal  scale,  the  WP  score  would  be  22-17+31«36.    This  scoring 
method  allowed  for  one  continuous  variable  of  scores  ranging  from  0  to  54.    It  » 
assuaes  that  there  is  a  cdrrelation  between  the  imagery  and  verbal  scores.  The 
actual  correlation  was  .29.    This  indicates  that  there  is  approximately  8% 
shared  variance.    Because  this  amount  of  variance  is  fairly  low,  the  decision 
to  use  the  combined  scale  was  made.    It  made  the  selection  of  students  for 
interviews  less  complicated  than  using  separate  imagery. and  verbal  scores. 
Students  with  scores  1     34  for  the  Moles  and  Gas  Laws  Units  and  1  -  33  for 
the  Stoichiometry  and  Molarity  Units  were  considered  to  have  high  verbal  pre- 
ference.   The  remaining  students  were  considered  to  have  a  high  visual  or 
imagery  preference.  ' 
Interview  Questions 

A  series  of  questions  that  were  asked  in  a  fixed  order  were  included  in 
each  interview  immediately  following  the  mathematics" problem  that  the  student 
solved  aloud.    The  reasons  for  preceding  the  problems  with  questions  was  three- 
fold.   It  allowed  the  investigator  to  determine  whether  students  had  the  necessary 
prerequisite  skills  and  a  qualitative  understanding  of  the  concepts  needed  to 
solve  the  problem;  it  1  "tuned -in"  the  students  to  the  subject  matter  at  hand  by 
reviewing  the  concepts  needed;  and,  finally  it  probably  set  students  a  little 
more  at  ease  during  the  interview  since  many  more  could  answer  the  questions 
successfully  than  do  the  problems. 

Students  were  given  feedback  on  the  answers  to  the  questions  and  inter- 
viewers  prompted  them  to  elicit  correct  answers  after  a  xvrong  response  or  pro- 
longed Si?ence.    Answers  to  the  questions  were  subsequently  coded  according  to 
whether  prompting  was  necessary  to  obtain  a  correct  answer. 

v       The  prober  of  questions  asked  varied  according  to  the  unit,    the  moles  tuilt 
had  six  questions,  gas  laws  unit  seven  questions,  the  stoichiometry  unit  four 
questions  and  the  molarity  unit  five  questions.    The  questions  are  found  in 
Appendix  L , 
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Interview  Problems 

Each  student  was  interviewed  on  how, to  solve  three  problems  in  a  given 
unit.    Problems  became  increasingly  more  difficult.    Hie  first  problem  was 
considered  to  be  a  one -step  problem,  the  second  problem  was  more  complex 
containing  two  or  more  steps.    The  third  problem  involved  transfer.    It  was 
similar  to  those  problems  on  the  delayed  posttest  that  were  judged  to  be 
transfer  items. 

Three  similar  but  non-equivalent  items  were  written  for  each  of  the  above 
categories.    They  were  considered  to  be  similar  in  that  they  contained  the  same 
number  of  steps,  and  if  a  chemical  equation  was  involved,  the  same  equation. 
They  were  not  equivalent  in  that  they  tested  slightly  different  concepts,  some 
of  which  may  have  been  more  difficult  for  the  students.-  For  example,  the 
second  set  of  problems  used  for  the  stoichiometry  interviews  were  as  follows : 
2NM  -  Sodium  carbonate  (Na2C03)  reacts  with  hydrochloric  acid  (HC1)  to  form 

sodium  chloride  (NaCl) ,  water  (H20) ,  and  carbon  dioxide  gas  (C02) 

according-  to*  the  reaction: 

Na2C03(aq)     +       2  HCl(aq)    -     2  NaCl(aq)  +  H20(1)  +  CO^ 
How  many  grains  of  C02  would  be  produced  from  146.0  grams  of  HCh  re- 
acting with  sufficient  Na2C03? 
2iW  -  Sodiun  carbonate  (Na2C03)  reacts  with  hydrochloric  acid  (HC1)  to  form 
sodium  chloride  (NaCl) ,  water  (H20) ,  and  carbon  dioxide  (C02)  according 
to  the  reaction:  i 

Na2C03(aq)     +       2  HC1^)    *     2  NaC1<aq)  +  H2°M  *  C02^ 

How  many  liters  of  C02  (measured  at  STP)  would  be  produced  from  146.0^ 

grams  of  HC1  reacting  with  sufficient  Na2C03? 
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2MP  -  Sodium  carbonate  (Na2C03)  reacts  with  hydrochloric  acid  (HC1)  to 
form  sodium  chloride  (NaCI),  water  (H20) ,  and  carbon  dioxide  gas 
(COj)  according  to  the  reaction: 

Na2C03(aq)    ♦     2  HCl(aq)   -      2  NaCl(aq)  +  H20(1)  ♦  C02(g) 
How  many  molecules  of  CO2  would  be  produced  from  146.0  grams  of 
HC1  reacting  with  sufficient  Na2CX>3? 

In  every  case,  the  same  equation  was  used.    The  first  problem  is  a 
mass -mass  problem,  the  second  is  a  volume -mass  problem  and  the  third  is  a 
particle -mass  problem. 

The  problems  were  typed  on  individual  8"  x  5"  cards.    Ihe  interviewers 
randomly  selected  1  problem*  from  each  of  the  three  sets  of  cards  r  These 
three  problems  were  then  presented  individjally  by  the  interviewer  to  the 
student  being  interviewed. 

This  resulted  in  the  distribution  of  problems  at  shown  in  Table  112. 
Problems  are  given  in  Appendix  L . 
Coding  Protocol 

The  tapes  were  coded  using  a  protocol  adapted  from  one  used  by  Nurrenbern 
(1979).  Tht same  general  categories  of  reading/organizing,  recall,  production, 
strategy,  structural  errors,  evaluation,  conments  about  solution  and  executive 
errors  were  included.    In  addition,  a  section  on  the  questions  was  added. 

Some  categories  were  modified  slightly  because  it  was  felt  tliat  they  were 
not  suitable  for  the  category.    For  example,  under  Reading/Organizing,  the 
category  "Says  he  does  not  understand  the  problem"  was  deleted  because  it  was 
felt  it  would  le  1  to  spuriously  high  results  -  it  did  not  indicate  an 
organizing  skill. 

The  production  category  was  modified  by  organizing  statements  into  those 
approaches  thought  to  be  systematic  versus  non-systemmatic.    A  "No  answer 
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Table  112 

Distribution  of  Problems  for  Interviews 


Unit 


Problems 


Set  1 

Set  2 

Set 

3 

Problem 
Code  No. 

Times 
Used 

Problem 
Code  No. 

Times 

1 1  i 

Used 

Problem 
'Code' No. 

Times 
Used 

Moles 

M 

24 

VM 

23 

VA 

23 

V 

25 

MMo 

29 

MA 

24 

Mo 

25 

MoV 

22  " 

VM 

19 

Gas  Laws  | 

TP 

25 

~p 

18 

M-TV 

20 

TV 

18 

TPV 

20 

M+TV 

21 

-  PV 

?i 

t 

PVT  , 

26 

mpv 

23 

Stoichiometry 

M 

18 

MM 

26 

m 

22 

V 

27 

MV 

23 

SSI 

24 

P 

21 

MP 

17 

SS2 

20 

Molarity 

Ml 

18 

MoU 

25 

WA 

22 

G 

23 

MoC 

16 

GA1 

23 

Mo 

23 

MV 

23 

GA2 

19 

237 
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given"  category  was  added  to  allow  for  cases  in  which  students  didvnot  work 
enough  of  the  problem  to  allow  a  judgement  to  be  made  on  how  the  problem  was 
being  solved.    Several  categories  under  1  •product ion1 1  were  moved  to  "structural 
errors". 

The  "structural  error"  section  used,  by  Nurrcnbern  had  been  devised  vox  her 
particular  study  of  stoichiometry  limiting-: reagent  problems.    Because  this  vas 
inappropriate  for  many  of  the  problaas  that  had  to  be  coded  in  this  study,  ii 
was  revised  to  make  this  section  more  inclusive.    This  modification  was  used 
in  the  mnles  problems.   After  using  this  s^une  schema  for  coding  the  problems 
in  the  gas  laws,  stoichiometry  and  molarity  units,  it  was  recognized  that  some 
data  were  being  lost.   Three  new  coding  sheets  for  the  structural  errors  for 
each  of  the  remaining  t>  pics  (gas  laws,  stoichiometry,  and  molarity)  were  then 

devised .  * 

Modif ications  were  also  made  of  the*  description  of  the  coding  form  used  by 
Nurrenbern.    In  some  cases  the  description  given  was  not  comprehensive  enough  to 
cover  the  wide  range  of  responses  to  be  coded  consistently  by  the  same  reviewer 
or  by  another  reviewer.    The  general  codig  form,  the  structural  errors  coding 
form,  and  the  coding  form  descriptions  are  given  in  Appendix  M  . 

All  of  the  tapes  were  coded  three  times ,  twice  by  the  same  rater  and  then 
checked  by  the  principal  invest igatdt*.    Conments  made  by  the  interviewer  during 
the  interview  as  well  as  the  sheet  used  by  the  student  for  calculation  were 
used  in  the  coding  process.    The  rater,  a  doctoral'  student  who  was  a  foimer 
middle  school  science  teacher *  listened  to  an  individual  tape  and  coded  it  on 
the  general  coding  sheet.    Betw^  a  one  and  three  weeks  later,  he  listened  to 
the  tape, again  and  coded  it  independently.    Ihe  principal  investigator  then 
compared  the  two  coding  sheets  while  listening  to  the  tape  and  made  any  approp- 
riate additions  or  resolved  conflicting  codes.    The  reliability  of  the  coding 
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Table  113 


Reliability  of  Coding  of  Interviews  Using  Kendall's  Coefficient  of  Concordance, 


-  General  Form  Categories 

*  Reading/Organi  zing 

Systematic  Approach 

Approach  Taught 

Arithmetic  Algorithm 

Nonsysteniatic  Approach 

No  Answer  Given 

Algorithmic  Oily 

Algorithmic/Reasoning  Strategy 

Random  Trial  and  Error 

Misinterprets  Problem 

Disregards  Infoimation  Given 
.  disregards  Information  Generated 

Misapplies  Information 

Needed  Information  Not  Generated 
*Fvaluation 

♦Conmtmts  About  Solution 
♦Executive  Errors 
Problems  Correct 
Problems  Incorrect 
Questions  Correct 
-  Questions  Incorrect 
Questions  CI 
Questions  C2 
Questions  C3 
Questions  C4 
Structural  Errors  Sheet 
♦Problem  1  CI 
♦Problem  1  C2 
♦Problem  ,2  CI 
^Problem  2  C2 
♦Problem  3  CI 


Moles 
Coefficient  W 


Gas  Laws 
Coefficient  w 


Stoichiometry 
Coefficient  W  F 


Molarity 
Coefficient  W  F 


♦Problem 
♦Problem 


C2 
C3 


♦Section  is  sunned  over  several  codes, 
iNbt  ^applicable , 

erJc     x  i 


.95 
.97 
.91 
.93 
.95 
.82 
.96 
.95 
.95 
.54 
.83 
.49 
.83 
.33 
.96 
.92 
.95 
1.00 
.99 
.98 
.98 
.95 
.92 
1.00 
1.00 

X1 

X 
X 
X 
X 
X 
X 


T 


.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.05 

.00 

.06 

.00 

.46 

.t)0 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

X 
X 
X 
X 
X 
X 
X 


.98 

.97 

.95 

.95 

.86 

.97 

.96 

.97 

.74 
1.00 

.78 
1.00 

.94 

.98 

.92 

.99 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
.93 

1.00, 
'.96 
.90 
.92 


.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.01 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.04 
.04 
.05 
.04 
.04 
.06 
.06 


.92 
.98 
1.00 
.92 
.90 
.90 
.95 
.97 
.87 
.33 
.67 
1.00 
.52 
.43 
.92 
.99 
.78 
.97 
.98 
1.00 
1.00 
.95 
.98 
1.00 
1.00 

1.00 
1.00 
.85 
1.00 
1.00 
1.00 
1.00 


.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.45 
.01 
.00 
.09 
.21 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
,.00 
.00 
.00 

.04 
.04 
.08 
.04 
.04 
.04 
.04 


.93 
1.00 
1.00 
1.00 
1.00 
1.00 

.97 
1.00 

.91 
•1.00 
1.00 

.70 
1.00 
1.00 

.99 
1.00 

.35 
1.00 
1.00 
l.'OO 
1.00 

.33 
1.00 
1.00 
1.00 

.94 
1.00 

.84 
1.00, 

.95 
1.00 
1.00 


.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.01 

.00 

.00- 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.44 

.00 

.00 

.00 

.05 
.04 
.09 
.04 
.05 
.04 
.04 
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system  between  the  three  ratings  (two  by  the  one  rater,  one  by  the  principal 
^investigator)  using  K^pdall's  Coefficient  of  Concordance  ranged  from  3.3 
tb  1.00  only  4t  had  a  probability  level  exceeding  .05. 

The  original  rater  did  not  use  the  specially  prepared  structural  error 
sheet  because  his  background  in  chemistry  was  somewliat  limited.    These  were 
coded  by\the  principal  investigator  (a  chemistry  educator)  and  checked  by  an 
experienced,  chemistry  teacher  whose  students  participated  in  the  study.  Re- 
liabilities rtmged  from  .84   to  1.00. 

A  siannary  of  the  reliability  of  the  coding  of  the  interviews  is  found  in 
Table  113.  \ 

*  \  Hypotheses 
fr  The  .following  hypoti^ses  were  tested  using  data  from  the  interviews: 

1.  There  are  no  significant  differences  in  chemistry  problem  solving 
strategies  used  by  students  having  verbal  or  visual  preferences  for  learning. 

2.  There  arejno  signif;:ant  differences  in  chemistry  problem  solving 
strategies  used  by -students  of  high  and  low  proportional  reasoning  ability. 

3.  There  are  no  significant  differences  in  chemistry  problem  solving 
strategies  used  by  students  considered  successful  problem  solvers  versus 
unsuccessful  ones. 

4.  There  are  no  significant  differences  in  chemistry  problem  solving 
strategies  used  by  students  according  to  the  method  taught  to  solve  the 
problems.  \ 

5.  There  are  no  significant  differences  in  chemistry  problem  solving 
•  strategies  used  by  students  who  solved  the  problem  correctly  versus  those 

who  did  not.  /  ' 

6.  There  are  no  differences  in  the  number  of  questions  a  student  answers 

*•  *  / 

successfully  according  to  verbal -Visual  preference proportional'  reasoning 

> 

ability,  success  in  problem  solving,  the  method  taught  in  learning  problem 
solving,  asfd  the  nunber  of  problems  solved  correctly. 
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Statistical  Analyses 

♦ 

Hyipothesls  one  through  five  were  analyzed  using  three  different  statistical 
methods,    In  cases  where  only  frequencies  were  available,  chi-square  analyses 
were  used.   This  method  was  used  for  the  following:   reading/organizing  codes, 
nneumonic  codes ,  production  codes ,  strategy  codes ,  and  structural  error  codes . 

In  cases  where  data  were  sunned  for  given  categories,  Kruskal-Wallis  one 
way  analyses^  of  variance  were  used  when  the  data  were  not  normally  distributed 
and  three  groups  were  present.    (This  was  detwH&ned' using  the  Kblmogorov- 
Stairnov  goodness  of  fit  test.)   Mann -Whitney  U  Tests  were  used  in  ciases  where 
data  were  not  normally  distributed  and  only  two  groups  were  present.   Data  . 
were  sunned  for  the  following:   reading/organizing,  evaluation,  comments  about 
solution  /executive  errors,  total  number  of  ^questions  correct,  number  of  non- 
prompted  questions  correct,  number  of  problems  correct  and  for  all  categories 
previously  analyzed  using  the  chr-square  v<hen  they  were  sunned  over  problems.  M 
A  sunmary  of  tests  used  for  tfach  analysis  is  given  in  Table  114. 
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Table  114 

V 

Tests  of  Significance  Used  With  Interview  Data/  « 

Verbal-Visual 
Preference 
P  T 

Proportional 
Reasoning 

Ability 
P  T 

Success/Unsuccess 
3  Levels  Test 
P  T 

Teaching 
Strategy 
P  T 

Problem 

Correct/ 
Incorrect 
P  T 

1 

Heading/Organizing , 
Rereads  or  Stating 
Mneunonics 

3  3  * 
3  3 
3  3 

3  3 
3  3 
3  3 

2  2 
2  2 
2  2 

2  2 
2  2 
2  2 

3  2 
3  2 
3  2 

Production  . 
Systcciaatic 
Approach  Taught 
Ar  it  lime  tic 
Nonsystem 
No  Answer 

1  3 
1  3 
1  3 
\    1  3 
Vl  3 

1  3 
13 
1  3 
1  3 
1  3 

1  2 
1  2 
1  2 
1  2 
1  2 

1  2 
*1  2 
1  2 
1  2 
1  2 

1.  2 
1  2 
1  2 
1  2 
1  2 

\Strategy  ( 
\  Algorithmic 
^AlcJ  Reasoning 
Random  T  $  E 

1  3 
1  3 
1  3 

1  3 
1  3 
1  3 

1  2 
1  2 
1  2 

1  2 
1  2 
1  2 

1  2 
1  2 
1  2 

StrucWal  Error 
Misinterprets 
Disregards  given 
Disregards  gen  t 
Misapplies 
Not  generate 

f 

1  3 
1  3 
1  3 
1  3 
1  3 

1  3 
1  3 
1  3 
1  3 
1  3 

1  2 
1  2 
1  2 
1  2 
1  2 

1  2 
1  2 
1  2 
1  2 
1  2 

1  2 
1  2* 
1  2 
1  2 
1  2 

Evaluation  \ 
Conwcnts  about  Solution 
Executive  Errors  \ 
Problems  Correct 
Questions  Correct  * 
Questions  w/o  Proopting 

1 

3  3 
3  3 
3  3 
X  3 
X  3 
X  3 

3  3 
3  3 
3  3 
X  3 
X  3 
X  3  • 

2  2 
2  2 
2  2 
X  2 
X  2 
X  2 

2  2 
2  2 
2  2 
X'  2 
X  2 
X  2 

3  2 
3  2 
3  2 
2 
2 
2 

Structural  Errors 
section  l 
Section  1 
Section  2 
Section  2 
Section  3 
Section  3 
^Section  3 

1  3 
1  3 
1  3 
1  3 
1  3 
1  3 
1  3 

1  3 
1  3 
1  3 
1  3 
1  3 

1  ? 
1  fl 

1  2 
1  2 
1  2 
1  2 
1  2 
12 
1  2 

1  2 

lv2 
-1  2 
12 
1  2 
1  2 
1  2 

1  2 
1  2 
1  2 
1  2 
1  2 

1    2  > 
1  2 

1- Chi  Square 

2-  Kruskal-Wallis 
3H4ann*Whitney 

Z  Inappropriate  Analysis 

• 

0 

2  \o  * 

9 
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>  *  Results 

f- 

Hypothesis  1 

There  are  no  significant  differences  in  chemistry  problem  solving 
strategies  used  by  students  having  verbal  or  visual  preferences  for  learnij^. 

In.order  to  test  this  hypothesis  students  were  divided  into  two  groups 
according  to  their  scores  on  the  modified  Paivio  verbal -visual  preference 
test.    These  groupings  are  summarized  in  Table  115.    Results  of  the  analysis 
used  to  test  the  hypothesis  for  each  of  the  four  chemistry  topics  are  sum- 
marized in  Table  116.    Tables  117-120  give  more  detailed  information  for 
analyses  where  significant  differences  were  found. 

Findings  show  that  students'  verbal  or  visual  preferences  as  measured 
by  thfe  modified  Paivio  instrument  were  generally  not  related  to  their  problem  , 
solving  strategies.    Table  117  indicates  that  visual  students  tended  to  show 
more  overt  signs  of  reading/organizing  skills  and  reading/stating  the  problem 
than  verbal  students  on  the  moles  problem  3.    There  is  li^le  educational  sig- 
nificahce  to  this  finding,  however  ,_as  no  significant  differences  were  founds 
for  the  other  mole^- problems  or  for  problems  from  the  other  thrfee  units'. 

Similar  results  are  found  in  Table  118.    More  visual  students  tended  to 
use  only  algorithmic  strategies  rather  than  algorithmic/reasoning  strategies, 
and  they  also  liad  a  greater  tendency  to  misapply  information.    Results  again 
hold  "for  only  the  moles  unit. 

On  the  other  hand,  visual  students  made  fewer  errors  m  balancing  equa- 
tions as  shown  in  Table^L9~  structural  error  1-1.    (Structiiral  errors  varied 

according  to  units  so  the  fact  that  structural  error  1  -  1  is  not  significant 

i 

acros£  the  units  has  no  bearing  on  these  results.) 

Table  120  shows  that  visual  students  also  showed  greater  evidence  for 
using  the  approach  taught  in  their  packet  to  solve  the  problems  on  molarity. 
This  was  not  evident  for  problems  in  the  other  three  units. 
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Table  116 


r 

r 
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Suainary  of  Significant  Findings:   Verbal -Visual  Preference 

 m  1                        ■               hot  1  a^tz                                .      ^itAifhinniPt  rv 

Molarity 

Protocol  Categories. 

MUC9 

»     BC  TS 

PI      M      PS  T 

PI       P2      P3  .  T 

rX          r*  rj 

T 

T  y 

478* 
.04* 

t 

Rereads  or  Stating* 

482 

.02 

f 

Mnemonics 

Production 
Systematic 

- 

> 

Approach  Taught 

- 

370 

.02 

Arithmetic 

* 

Nonsystennatic 

• 

No  Answer 

r 

Strategy 

Algorithmic 

483 
.OS 

Alg /Reasoning 

• 

- 

Random  T  $  E 

Structural  Error 

Misinterprets 

t 

Disregards  given 

1 

1 

Disregards  gen 

-  Misapplies 

540  -» 
i  .01 

c 

Not  generate 

Tabic  116  (continued) 
Summary  of  Significant  Findings:    Verbal-Visual  Preference 


Moles 


Gas  Laws 


Stoichiometry 


Ntolarity 


rTOuOCOi  Categories 

r  x 

r  l 

p^ 

T 

PI 

P2 

P3 

T 

PIT 

P2 

P3 

T 

PI 

f>2 

PS 

T 

♦Evaluation 

♦Comments  about  Solution 

♦Executive  Errors  > 

- 

• 

t 

♦Problems  Correct 

X1 

X 

X 

X 

X 

X 

X 

• 

X 

X 

X 

X 

X 

♦Questions  Correct 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

♦Question  w/o  Prompting 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Structural  Lrrors 

Section"  1-1 

X 

X 

X 

X 

X 

X 

9.36 

X 

X 

X 

X 

X 

X 

Jection   1  -'2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x  . 

X 

Section    2  -  1 

X 

£ 

X 

X 

A 

X' 

X 

X 

X 

X 

X 

X 

X 

Section    2  -  2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Section   3  -  1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Section   3  -  2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Section   3  -  3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

♦Category  sum 
aProblem  1 
bProblem  2 
cProblem  3 

dSun  of  Problems  1,  2  §  3 

247 


Statistic 
^Probability  level 

SSum  of  rereads  ar-  restates  subcategories 
^Section  on  supplementary  coding  sheet 
*Not  meaningful 


2 
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Table  115 
Distribution  of  Students  According 
to  Verbal -Visual  Preference 


Verbal 

Visual 

Unit  " 

Range 

X 

N 

Range 

X 

Moles 

20-34 

29.4 

36 

35-48 

39.8 

36 

Gas  Laws 

24-34 

29.0 

34 

35-48 

39.6 

30 

Stoichiometry 

16  -33 

27.7 

33 

34-44 

37.9 

33 

Molarity 

16  -33 

27.8 

31 

34-45 

38.3 

33 

\ 

\ 
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Table  117 


Interview  Data  Analyses:  'Moles  -  Problem  3 
Verbal -Visual  Preference  r> 


Verbal - 
Visual 


Reading/Organizing  Skills 
1  2  3 


Total 


Verbal 


Visual 


Total 


41. 7b 
<>2. 
20. 8a 


9 

25.0 
37.5 
12.5 


33 


24 
3 


Rereading/Stating  Problem 
TJ  1  .       2    =  Total 


17 

2 

2 

36 

29 

7 

0 

47.2 

5.6 

5.6 

50.0 

80.6 

19.4 

0 

53.1 

15.4 

66.7 

(31.8) e 

59.2 

31.8 

0 

23.6 

2.8 

2.8- 

40.3 

9.7 

0 

15 

11 

1 

36 

20 

15 

1 

41.7  ' 

30..  6 

2.8 

50.0 

55.6 

41.7 

2.8 

46.9 

84.6 

33.3 

(41.2) 

40.8 

68.2 

100.0 

20.8 

15.3 

1.4 

,  27.8 

20.8 

1.4 

32 

13 

3 

72 

49 

22 

1 

44.4 

18.1 

4.2 

100.0 

68.1 

30.6 

1.4 

36 
50.0. 
(31.9) 


36 
50.0  . 
(41.1)* 


72 
100.0 


Mann-Whitney  U  478 

Wilcoxon  Rank  Sum  W  1144 

Z                           .  -2.05 

Significance  .04 


Mann -Whitney 


482 


Wilcoxon  Rank  Sum  W  1148 
2  -2.30 
Significance  .02 


fCount 

Ttow  percentage 
jCelumn  percentage 
^otal.  percentage 
^tean  rank 


2^ 


Table  118 


Verbal- 
Visual  / 


Verbal 


Visual 
Total 


Interview  Data  Analyses :   Moles  -  Total 
Verbal -Visual  Preference 


 ~ I  ~ 

Algorithmic  Strategy  OKLy  

—  — I  Z  3  Total 


14 

10 

5 

7 

36 

38.9 

27.8 

13.9 

19.4 

50.0 

66.7 

58.8 

26.3 

40.  / 

19.4 

13.9 

6.9 

9.7 

7 

7 

11 

8 

36 

19.4 

19.4 

38.9 

22.2 

50.0 

35.3 

41.2 

73.7 

,  53.3 

(41.1) 

9,7 

9.7 

19.4 

11.1 

21 

17 

19 

15 

72 

29.2 

23.6 

26.4 

20.8 

100.0 

Mann -Whitney  U 

483 

Wilcoxon  Rank  Sum  W 

1149 

7 

-1.92 

Significance 

.05 

Misapplies  Information 
Generated 


-  0 

 1  

1 

loxax 

36 

0 

36 

100.0 

0 

50.0 

54.5 

0 

(33.5) 

50.0 

0  j 

30 

36 

83.3 

16.7  1 

50.0 

45.5 

100*0 

(39.5) 

41.7 

8.3'  \ 

66 

A 

.  72 

91  .'7 

8.3  \ 

100.0 

Mann-Whitney  U  \  540 
Wilcoxon  Rank  Sum  W  1206 
2  -.2.54 
Significance     .,       '  .01 
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Table  119 


\ 


Interview  Dat4  Analyses :    Stoiehicmetiy  -  Problem  1\ 
Verbal -Visual  Preference 


Verbal - 

Structural  Error 

1  -  1 

• 

Visual 

0 

1 

2 

3 

TotaT 

Verbal 

ob 

°d 

od 

7 

21.2 
30.4 
10.6 

10 
30.3 
76.9 
15.2 

16 
48.5 
57.1 
24.2 

33 

50;O 

• 

Visual 

2 

6.1 
100.0 

3.0  ' 

16 
48.5 
69.6 
24.2 

3 

9.1 
23.1 
4.5 

12 
36.4 
42.9 
18.2 

33 
5C.0 

Total 

h 

2  * 
3.0 

23 
34.8 

13 
19.7  «• 

.28 
42.4 

'*  66 
100.0 

Chi  Square 

df 

V 

Significance 

9.86 
.02'  .  " 

fCount 

^Row  percentage 
^Column  percentage 

"Total  percentage  < 
^Cramer's  V  . 


Table  120 

Inteiview  Data  Analyses:   Molarity  -  Total 
Verbal -Visual  Preference 


Verbal  - 
Visual 


Approach  .Taught 


Total 


Verbal 

Visual 
Total 


26 
83.9 
59.1 
40.6 

18 
54.5 
40.9 
28.1 

44 

08.8 


2 

6.5 
25.0 
3.1 

6 

18.2 
75.0 
9.4 

8 

12.5 


4  0 
\0 


\ 


9 
50 
4 


6 

18.2 
100.0 
9.4 

6 

9.4 


Mann -Whitney  U  -  ,, 
Jtfilcoxon  Rank  Sum  W 

Z 

Significance 


3 

9.1 
\50.0 
\.4.7 

\  6  . 
9,4 

570 
866 
2.31 
.02 


31 
48.4 
(28.0) 


33 
51.6 
(36.8) 


64 

100.0 
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Hypothesis  2 

There  are  no  significant  differences  in  chemistry  problem  solving 
strategies  used  by  students  of  high  or  low  proportional  reasoning  ability. 

In  order  to  test  this  hypothesis  students  were  dividedxinto  two  groups 
according,  to  their  proportional  reasoning  ability.    The  resulting  groups  are 
described  in  Table  121.    Results  of  the  analyses  used  to  test  the  hypothesis 

are  summarized  in  Table  122  and  details  for  significant  findings  ai^  found  in 

\ 

lables  123-155. 

All  results  wijl  be  discussed  in  terms  of  the  protocol  categories 
across  the  four  units.  \ 

\ 

Rereading  or  stating.    Molarity,  problem  3  only,  Table   149.    Students  \ 
with  high  proportional  reasoning  ability  reread/stated  more  frequently. 

Nheumonics .    Gas  Laws,  problem  1  only,  Table    131.    Students  with  high 
proportional  reasoning  ability  usedmneumonic  notation  more  frequently. 

-    Systcnynatic  approach.    Moles,  problems  1,  2,  total,  and  stoichiometry, 
problems  1,       3,  total,  (Tables  135,138,140,142  ).    All  tables  indicate 
that  high  proportional  reasoning  students  used  a  more  systematic  approach. 

Nonsystenroatic  approach.    Stoichiometry,  problfem  ?,  (Table  138  ) ,  and 
nolarity,  total,  (Table  151).  ^Nonsystenmatic  approaches  were  used  by  students 
.of  low  proportional  reasoning  ability. 

No  answer  given.    Moles,  total,  (Table  126  ) ,  and  stoichiometry,  problem  1, 
{Table  135  ).    Low  proportional  reasoning  students  more  frequently  did  not  give 

an  answer.  i 

Algorithmic  strategy.    Gas  Laws,  problem  3,  total  (Tables  133,,  134)  and 

nolarity,  total,  (Table  149).    Low  proportional  reasoning  students  tended  to  use 

only  algoritlunic  strategies. 

Algorithmic/reasoning  strategy.    Moles,  problems  2,  3, -total,  (Tables  124, 

125,  127)  f  gas  laws,  all  analyses,  (Tables  131,  132,  133,  135),  stoichiometry, 

254 


Table  121 
Distribution  of  Students  According 
to  Proportional  Reasoning  Ability  (PPRT) 
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Low  PPRT 


Unit 

Range 

X 

N 

Range 

X 

N 

Moles 

6-13 

10.0 

36 

14- 

-21 

-17.4 

35 

Gas  Laws 

5-11 

9.0 

33 

12- 

■21 

15.5 

31 

Stoichicmetry 

S-ll 

8.9 

31 

12- 

■21 

16.7 

35 

Molarity! 

6-12 

9.3 

29 

13- 

-21 

16.3 

35 

0 

ERJC 
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Table  122 

.  Summary  of  Significant  Findings:    Proportional  Reasoning  Ability  

 *   Gas  Laws  Stoichiometry 


Moles 


Molarity^ 


Protocol  Categories 


P2U 


~P?  P~ 


PI 


P2 


P3 


•Reading/  Organizing 

Rereads  or  Stating 

ftieumonics 
Production 
*Systemmatic 

Approach  Taught 

Arithmetic 

Nohsystemmatic 

No  Answer 
Strategy 

Algorithmic 

Alg/ Reasoning 

Random  T  £  E 
Structural  Error 
Misinterprets 

Disregards  given 

Disregards  gen 

Misapplies 

Not  generate 


253 


6.90  4.12 
.009  .04 


445 
.02 


755 
.02 


S.09  4.91  412 
.004     .03  .004 

771 

:  .05 


374 
.008 


5.31  671 

'.02  .02 

3.96     3.94     5.58  314 

.05       .05       .02  .005 


PI 


P2 


P3~ 


PI 


P2 


P3 


6.21  7.51  S.00  314  • 
.01       .006     .03     .002  '. 


4.37* 
.03 


4.29 

.04 


12.25    10.01    8.33  300 
.OOflS    .002     .004  .0002 


5.61 
.02 


670 
.05 


375* 
.05* 


J623 
.05 


16.79 
<.0j|Dl 

4.77 
.03 


7.59  4.73 
.006  .03 


662 
.03 

£29 
<.0001 

645 
.02 


624 

.02 


257 


ts) 


9 


TBIes 


Table  122  (continued) 

Summary  of  Significant  Findings:  Proportional  Reasoning  Ability 
  Gas  Lare  '    "       *  stoichiometry 


Molarity ' 


PI 


P2  P3 


PI 


P2   .  P3 


PI 


P2  P3 


PI       P2  P3 


i- 

•Evaluation 

- 

* 

< 

•Comnts  about  So;  it  ion 
•Executive  Errors  ♦ 

761 
.OS 

827 
.008 

844*  * 
.009 

632 
.03 

/ 

* 

• 

1 

800 
.,0002 

4 

702 

-o? 

734 
.003 

84S 
.0001 

• 

637 
.04 

6?S 
.02 

•Problem^,  Correct 

X1 

X 

X 

330*  ' 
.0003 

« 

•  X 

X 

X 

* 

Y 
A 

v 
A 

Y 
A 

391 
.03 

Y 
A 

x 

x 

LSI 

<.0001 

•Questions  Correct 

X 

X 

X 

402 
.005 

X 

X 

X 

X 

X 

X 

404 
.04 

X 

X 

X 

236  ' 

.oooi 

4 

•Question  w/o  Prompting 

Structural  Errors 

X 

X 

*  X 

,272 
<.0001 

X 

«  X 

X 

* 

X 

X 

X 

X 

X 

X 

240 
.0002 

Sectiorr1  1  -  1 

X 

X 

X 

X 

X  ■ 

X 

X 

9.98 
.02 

X 

X 

X 

20.01 
.006 

X 

X 

X 

Section  1  -  2 

X 

X 

X 

X 

X 

X 

X 

X 

I 

X> 

X 

26.89% 
.0002 

X 

X 

X 

Section  «2  -  1 

X 

,x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

t 

X 

X 

• 

Section   2  -  2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Section  3-1 

X 

X 

X 

X 

X 

X 

f 

X 

X 

X 

X 

X 

X 

1 

X 

Section  3-2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

12.93 
.01 

X 

Section  3*3 

X 

X 

X 

X 

X 

X 

x 

r  X 

X 

13.44 
.004 

X 

X 

X 

9.28 
.03 

X 

•Category  sum 
aProblem  1 
bProblem  2 
c Problem  3 

dSun  of  Problems  1,253 


^Probability  level 

8Sum  of  rereads  and  restates  subcategories 
^Section  on  supplementary  coding  sheet 
i-Not  meaningful 
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Table  123 


Interview  Data  Analyses :  Moles  .-  Problem  1 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 


Systemmatic  Approach' 
0  TotaT 


If 


Low 


High 


Total 


12* 
33.3d 
^85.7^ 
_  16 ,9d 

2 

5.7 
14.3 
2.8 

14 
19-.  7 


24 
66.7 
42.1 
33.8 

33 
94.3 
57.9' 
46.5 

57 
80.3 


36 
50.7 


35 
49.3 


71 

100.0. 


Chi  Square-  6.90 

df  1 

Phi  .35 

1  Significance  .009 


-jjcount 
Row  percentage 
^Column  percentage 
'Total  percentage 


23 
63.9 
44.2 
32.4 

29 
82.9 
55.8 
40.8 

52 
73.2 


■  Comments  about  Solution 
 1  2  T~ 


9 

25.0 
60.0 
12.7 

6  • 
17.1 
40.0 
8.5 

15** 
21.1 


3 

.  8.3 
100.0 

'  4.2 

t 

0 
0 
0 
0 

"3 
4.2 


1 

2.8 
100.0 
1.4 

0 
0 
0 
'  0 


l.M 


Mann -Whitney  U*  761 
Wilcoxon  Rank  Sum  W  1128 
1'  1.96 
Significance  .05 


2o0 


9 

ERLC 


Table  124 


Interview  Data  Analyses:    Moles  -  Problem  2 
Proportional  Reasoning  Ability 

"                  "  Algorithmic  Reasoning 

Proportional                 Systematic  Approach  Strategy 
Reasoning  Ability       3    0  1  TdtaT   0  1  Total 


11 

25 

36 

30 

6 

36 

30.6 

69.4 

50.7 

83.3 

16.7  - 

50.7 

Low 

78.6 

43.9 

63.8 

25.0 

15.5 

35.2 

42.3 

8.5 

* 

3 

32 

35 

17 

18 

35 

8.6 

'  91.4 

49.3 

48.6 

51.4 

49.3 

High 

21.4 

56.1 

36.2 

75.0 

4.2 

45.1 

23.9 

25.4 

Total 

14 

57 

71 

47 

24 

71 

19.7 

80.3 

'  100.0 

66.2 

33.8 

100.0 

Chi  Square 

4.12 

Chi  Square 

8.09 

df 

1 

df 

1 

Phi 

.28 

Phi 

.37 

5. 

Significance 

.04 

Significance 

.004 

9 

ERIC 


2GI 


Table  125 


Interview  Data  Analyses:   Moles  -  Problem  3 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 


Algorithmic  Reasoning 

Strategy  

~D  1  Total 


Low 


High 


Total 


31 

5 

36 

86.1 

13.9 

50.7 

59.6 

26.3 

43.7 

7.0 

21 

14 

35 

60.0 

40.0 

49.3 

40.4 

73.7 

29.6 

19.7 

52 

19 

71 

73.2 

26.8 

100. 0 

Chi  Square  4.91 

df  1 

Phi     "  .29 

Significance  .03 


0 


16 
44.4 
38.1 
22.5 

26 
74.5 
61.9 
36.6 

42 
59.2 


Comments  about  Solution 

Total 


T 


T 


18 
50.0 
66.7 
25.4 

9 

25.7 

33.3 
1 1  i 

XL,  1 

27 
38.0 


2 

5.6 
100.0 
2.8 

0 
0 
0 
0 

2 

2.8 


36 
50.7 
(41.5) 


35 
49.3 
(30.4) 


71 
100".  0 


\ 


Mann -Whitney  U  827 

Wilcoxon  Rank  Sum  W  1063 

Z  2.64 

Significance  .008 


.ERIC 
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Table  126  «, 

Interview  Data  Analyses :   Moles  -  Total 
Proportional  Reasoning  Ability 

! 

 i 


Proportional 
Reasoning  ADiiiry 

Systematic  Approach. 

No  Answer  Given 

i 

A 

U 

1 

2 

3 

1U  LcL-L 

o 

1 

2 

3 

Total 

Low 

6a 

10* 

85. 7C 
8.5d 

7 

19.4 
87,.  5 
9.9 

8 

22.2 
40.0 
11.3 

15 
41.7 
41.7 
21.1 

-  36 
7 

(30.9) e 

27 
75  0 
45.0 
38.0 

5 

13.9 
71.4 
7.0 

2  2 
5.6  5.6 
100.0  100.0 
2.8  2.8 

50.7! 
(39.5) 

High 

1 

2.9 
14.3 
1.4 

1 

2.9 
12.5 
1.4 

12 
34.3 
60.0 
16.9 

21 
60.0 
58.3 
29.6 

35 
49.3 
(41.3) 

33 
94 .3 
55.0 
46.5 

2 

5.7 
28.6 
2.8 

0 
0 
0 
0 

0 
0 
0 
0 

35! 
49.31 
(32.41 

Total 

7 

9.9 

8 

11.3 

20 
28.2 

36 
50.7 

71 
100.0 

60 
84.5 

7 

9.9 

2 

2.8 

2 

2.8 

71 
100.0 

Mann-Whitney  U  445 
Wilcoxon  Rank  Sum  W  1445 
Z  -2.31 
Significance  .02 

Mann-Whitney  U  .  755 
Wilcoxon  Rank  Sum  W  1134 
Z  2.29 
Significance      •       .02  \ 

'?Count 

^Row  percentage 
^Coliron  percentage 
^Tqtal  percentage 
^tean  rank 


r 


Table  127 

Interview  Data  Analyses :   Moles  -  Total 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 


Algorith 


ithmic  Reasoning  Strategy 


Total 


Low 


High 


Total 


28 
77.8 
65.1 
e39.4 

15 
42.9 
34.9 
21.1 

43 
60.6 


\  3 
8\3 

37:5. 

4.2\ 

5  \ 
14.3 
62.5 
7.0 

8 

11.3 


1 

2.8 
11.1 
1.4 

8 

22.9 


88.9 


\1.3 

12.^ 

\ 


4 

11.1 
36.4 
5.6 

7 

20.0 
63.6 
9.9 

.11 
15.5 


36 
50.7 
(30.0) 


35 
49.3 
(42.2) 


71 
100.0 


Mann -Whitney  uY  412 
Wilcoxon  Rank  SUm  W  1477 


Significance 


\ 


-2.85 
OO^s 


Use  of  Random  Trial  and  Error 
"0  I  t        3  Total 


21 
58.3 
42.9 
29.6 

28 
80.0 
57.1 
39.4 

49 
69.0 


8 

22.2 
61.5 
11.3 

5 

14.3 
38.5 
7.0 

13 
18.3 


5 

13.9 
100.0 
7.0 

0 
0 
0 
0 

5 

7.0 


2 

5.6 
50.0 
2.8 

2 

5.7 
50.0 
2.8 


36 
50.7 
{39. 9) 


35 
49.3 
(32.0) 


4  71 
5.6  100.0 

771 


Mann -Whitney  U 

Wilcoxon  Rank  Sum  W  1119 

Z  1-99 

Significance  .05 


V 


ERIC 


Tabic  128 

Interview  Data  Analyses :  Moles  -  Total 
Proportional  Reasoning  Ability 


Cements  about  Solution 


Problems  Correct 


Reasoning  Ability 

o 

1 

2 

3 

4 

5 

Total 

0- 

1 

2 

3 

Total 

12 

7 

5 

9 

2 

1 

36 

20 

8 

6 

2 

36 

33.3 

19.4 

13.9 

25.0 

5.6   *  2.8 

50.7 

55.6 

22.2 

16.7 

5.6 

50.7 

Low 

40.0 

36.8 

62.5 

81.8 

100.0 

100.0 

(42.0) 

76.9 

S3. 3 

26.1 

28.6 

(27.7) 

16.9 

9.9 

7.0 

12.7 

2.8 

1.4 

LO  •  L 

11.3 

8.5 

2.8 

18 

12 

3 

2 

0 

0 

35 

6 

7 

17 

5 

35 

51.4 

34.3 

8.6 

.  5.7 

0 

0 

49.3 

17.1 

20.0 

48.6 

14.3 

49.3 

\  High 

60.0 

63.2 

37.5 

18.2 

0 

0 

(29.9) 

23.1 

46.7 

73.9 

71.4 

(44.6) 

25.4 

16.9 

4.2 

2.8 

0 

0 

8.5 

9.9 

23.9 

7.0 

Total 

30 

19 

8 

11 

2 

1 

71 

26 

15 

23\ 

7 

71 

> 

V 

V 

42.3 

26.8 

11.3 

15.5 

2.8 

1.4 

100.0 

36.6 

21.1 

32.4 

9.9 

100.0 

Mann -Whitney  U 

844 

Mann-Whitney 

330 

\ 

U'ilcoxon  Rank  Sum  W  1045 

Wilcoxon  Rank  Sum  W  1560 

\ 

Z 

2.60 

Z 

-3.62 

Significance 

.009 

Significance 

.0003 

\ 


265 


266 


Table  129 

* 

Interview  Data  Analyses :  Moles  Total  * 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 

Questions  Correct 

L 

7 
O 

4 

5 

6 

Total 

4 

6 

8 

13 

36 

11  1 
11*1 

16.7 

22.2 

13.9 

36.1 

50.7 

Low  / 

inn  r\ 

85.7 

66.7 

33.3 

f2Q  71 

0,0 

8.5 

11.3 

7.0 

• 

0 

1 

4 

10 

20 

35 

.  0 

2.9 

11.4 

28.6 

57.1 

49.3 

High 

0 

14.3 

33.3 

66.7 

60.6 

(42.5) 

0 

1.4 

S.b 

14.1 

28.2 

Total 

4 

7 

12 

15 

33 

71 

5.6 

9.9 

16.9 

21.1 

46.5 

100.0 

Mann-Whitney  U 

402 

Wilcoxon  Rank  Sum  W 

1488 

Z 

2.79 

Significance 

.005 

-A- 
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Table  130 

Interview  Data  Analyses :   Moles  -  Total 
Proportional  Reasoning  Ability 


Proportional  \ 
ketsoning  Abilityy 


+■ 


Low 

High 
Total 


Questions  Correct  Without  Pronpting 
jfi^  3  4   5 


6 

16.7 
50.0 
8.5 

6 

17.1 
50.0 
8.5 

12 
16.9 


6 

16.7 
46.2 
8.5 

7 

20.0 
53.8 
9.9 

13 
18.3 


5 

13.9 
29.4 
7.0 

12 
34.3 
70.6 
16.9 

17 
23.S 


•  0 
0 
0 
0 

6 

17.1 
100.0 
8.5 

6 

8.5 


Mann-Whitney  U  272 
Wilcoxon  Rank  Sim  W  1618 
Z  -d.19 
Significance  <  .0001 


2r% 
b3 


Total 


36 
50.7 
(26.1) 

35 
49.3 
(46.2) 

71 
100.0 


Table  131 


Proportional 
Reasoning  Ability 


Low 

High 
Total 


Interview  Data  Analyses :    Gas  Laws  -  Problem  1 
Proportional  Reasoning  Ability 


Use  of  Mneumonic  Notation 


0 


11 

33.3 
84.6 
17.2 

2 

6.5 
lb. 4 
3.1 

13 
20.3 


X 


Total 


2 

66.7 
43.1 
34.4 

29 
93.5 
56.9 
45.3 

51 
79.7 


33 
51.6 
(28.3) 


"  31 
48.4 
(36.9) 


64 
100.0 


Algorithmic  Reasoning  Strategy 
n  1  Total 

24 


72.7 
63.2 
37.5 

14 

45.2 
36.8 
21.9 

38 
59.4 


9 

27.3 
34.6 
14.1 

17 
54.8 
65.4 
26.0 

26 
40.6 


33 
51.6 


31 
48.4 


64 
100.0 


Conments  about  Solution 
n  i  Total 

—ft  fe  3T 

51.6 
(36.1) 


63.6 
43.8 
32.8 

27 
87.1 
56.3 
42.2 

48 
75.0 


36.4 
75.0 
18.8 

4 

12.9 
25.0 
6.3 

16 
25.0 


31 
48.4 
(28.6) 


64 
100.0 


Mann -Whitney  U  374 
Wilcoxon  Rank  Sum  W  1145 
Z  -2.65 
Significance  •  .008 


Chi  Square  3.96 
df  1 
Phi  -28 
Significance  .05 


Mann-Whitney  U  632 
Wilcoxon  Rank  Sum  W  887 
Z  2.15 
Significance  .03 


27u 


N> 


26'J 


Table  132 

Interview  Data  Analyses :    Gas  Laws  -  Problem  2 
Proportional  Reasoning  Ability 


Algorithmic  Reasonin^St^ategy 


*23 
69.7 
63.9 
35.9 


10 
30.3 
35.7 
15.6 


33 
51.6 


13 
41.9 
36.1 
20.3 


18 
58.1 
64.3 
28.1 


31 
48.4 


36 
56.3 


28 
43.8 


64 
100.0 


Chi  Square 
,df 
Phi 


3.94 
1 

.28 


Significance  .05 


<5 


Table  133 


Interview  Data  Analyses:    Gas  Laws  -  Problem  3 
Proportional  Reasoning  Ability 


\Proportional 
gasoning  Ability 


High\ 


Total \ 


Algorithmic  Strategy  Only 
~jy  1  Total 


Algorithmic  Reasoning  Strategy 
~0  1  Total^ 


24 

9 

•  33 

31 

2 

3? 
51.6 

72.7  - 

27.3 

51.6 

93.9 

6.1 

44.4 

90.0 

59.6 

16.7 

37.5 

14.1 

48.4 

3.1 

30 

1 

31 

'  21 

10 

31 

96.8 

3.2 

48.4  . 

67.7 

32.3 

48.4 

55.6 

10.0 

40.4 

83.3 

46.9 

1.0 

32.8 

15.6 

54 

10 

52 

12 

64 

84.4 

15.6 

100.  ojs. 

81.3 

18.8 

100.0 

Chi  Square 

5.31 

Chi  Square 

5.58 

df 

1 

df 

1 

Phi 

/ 

.33 

Phi 

.34 

Significance 

'    .02  , 

Significance 

.02 

9 

ERIC 


27^ 


Table  154 

Interview  Data  Analyses :    Gas  Laws  -  Total 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 


Algorithmic  Strategy  Only 

Algorithjmic  Reasoning  Strategy 

0 

1 

2 

3 

Total 

0 

I 

2 

3T 

Total 

10 

<: 

0 

11 

6 

7-! 
J  J 

7  a 

/  9 

5 

I 

30.3 

18.2 

33.3 

18.2 

51.6 

60.6 

/L8.2 

18.2 

3.0 

51.6 

37.0 

60.0 

52.4  100.0 

(37.3) 

66.7 

/60.0 

37.5 

12.5 

(26.5) 

15.6 

9.4 

17.2 

9.4 

/  V 

9.4 

1  6 

17 

4 

10 

0 

Jl 

in 

4 

10 

31 

54.8 

12.9 

32.3 

0 

48.4 

32.3 

12.9 

32.3 

22.6 

48.4 

63.0 

40.0 

47.6 

0 

(27.4) 

33.3 

40.0 

62.5° 

87.5 

(38.9) 

C.3 

15.6 

0 

15.6 

6.3 

15.6 

10.9 

27 

10 

21 

6 

'  64 

30 

10 

16 

8  - 

'  64 

15.6 

52.8 

9.4 

100.0 

46.9 

15.6 

25.0 

12.5 

100.0 

Maim  -Whitney  U 

671 

Mann-Whitney  U 

314^ 

Wilcoxon  Rank  Sum  W 

848 

Wilcoxon  Rank  Sum  W 

1206 

Z 

2.28- 

Z 

-2.84  . 

Significance 

.02 

Significance 

.005 

Low 

High 
Total 


274 


8 


Table  135 


Interview  Data  Analyses :    Stoichiometry  -  Problem  1 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 

Svstenmatic  Approach 
{/           "  1  Total 

No  Answer  Given 

~0 

1 

Total 

Low 

14 
45.2 
73.7 
21.2 

17 
54.8 
36.2 
25.8 

31 

47  fl 
y  I  •  U 

24 
77.4 
41.4 
36.4 

7 

22.6 
87.5 
10.6 

31 
47.0 

High 

5 

14.3 
26.3 
7.6 

30 
85.7 
63.8 
45.5 

35 
53.0 

34 
97.1 
58.6 
51.5 

1 

2.9 
12.5 
1.5 

35 

.  53.0 

Total 

19  x 
21.8 

47 
71.2 

66 
100.0 

58 
87.9 

8 

12.1 

66 

.  100.0 

Chi  Square 

df 

Phi 

Significance  1 

6.21 
1 

.34 
.01 

Chi  Square 

df 

Phi 

Significance 

T4.29 
1 

.30 
.04 

BP 


Tabl0  136 

Interview  Data  Analyses:    l$toichiometry  -  Problem  1 
*  Proportional  Reasoning  Ability 


Algorithmic  Reasoning 

Strategy  

H  l  TotaT 


Proportional 
Reasoning  Ability 


Comments  About  Solution 

— r 


T 


Total 


Low 


Lit 

93.5 
61.7 
43.9 


2 

6.5 
10.5 
3.U 


31 
47.0 


8 

i!5.8 
24.2 
12.1 


21 
67.7 
67.7 
31.8 


2 

6.5 
100.0 
3.0 


31 
47.0 
(41.8) 


High 
Total 


18 
51.4 
38.3 
27.3 

47 
71.2 


17 
48.6 
89.5 
25.8 

19 
23.8 


Chi  Square 

df 

Phi 


35 
53.0 


66 
100.0 


12.25 
1 

.46 


25 
71.4 
75.8 
37.9  >* 

33 
50.0 


10 
28.6 
32.3 
15.2 

31 
47.0 


0 
0 
0 
0 

2 

3.0 


Significance  .0005 


Mann-Whitney  U 
Wilcoxon  Rank  Sum  W 
Z 

Significance 


35 
53.0 
(26.1) 


66 
100.0 


800 
1296 
3.77 
.0002 


Table  137 


Proprotional 
Reasoning  Ability 


Interview  Data  Analyses :    Stoichiometry  -  Problem  1 
Proportional  Reasoning  Ability 


Structural  Error  -  1 


—  

0 

1 

2 

j 

TV*  ♦■a  1 
lO  Lai 

2 

8 

3 

U.J 

25.8 

9.7 

JO  •  A. 

47.0 

100.  c 

34.8 

23.1 

64.3 

3.0 

12.1 

4.5 

27.3 

C 

15 

10 

10 

35 

0 

42.9 

28.6 

28.6 

53.0 

0 

65.2 

76.9 

35.7 

0 

22.7 

15.2 

15.2 

23 

13 

28 

66 

3.0 

34.8 

19.7 

42.4 

100.0 

Chi  Square 

9.98 

df 

3 

Phi 

.39 

Significance 

.02 

\ 


27 


Table  138 


Interview  Data  Analyses :    Stoichiometry  -  Problem  2 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 


Systematic  Approach 


stir 


Low 


High 


Total 


'  Nonsy s  tenmatic  Approach 
~ Cl   1     -  Total 


Algorithmic  Reasoning 

Strategy  

U  l   TotaT 


15 

16 

31 

22 

9 

31 

28 

3 

31 

48.4 

51.6 

47.0 

.71.0 

29.0 

47.0 

90.3 

9.7 

47.0 

75.0 

34.8 

40.0 

81.8 

60.9 

15.0 

22.7 

24.2 

33.3 

13.6 

42.4 

4.5 

5  ■ 

30 

35 

33 

2 

35 

18 

17 

35 

14.3 

85.7 

53.0 

94.3 

5.7 

53.0 

51.4 

48.6 

53.0 

■25.0 

65.2 

50.0 

18.2 

39.1 

85.0 

7.6 

45.5 

50.0 

3.0 

27.3 

25.8 

20 

46 

66 

55 

11 

66 

46 

20 

66 

30.3 

69.7 

100.0 

83.3 

16.7 

100.0 

69.7' 

30.3 

xOO.O 

Chi  Square 

7.51 

Chi  Square 

4.87 

Chi  Square 

10.01 

df 

1 

df 

1 

df 

1 

Phi 

.37 

Phi 

.31 

Phi 

.42 

Significance 

.006 

Significance 

.03  , 

Significance 

.002 

27  o 

\  • 


7 


\ 


\  Table  139 


Proportional 
Reasoning  Ability 


Interview  Data.  Analyses:    Stoichiometry  -  Problem  2 
Proportional  Reasoning  Ability 


Use  of  Randan 
Trial  and  Error 


A 
U 

1  ' 

JL 

Total 

-  20 

11 

31 

64.5 

35.5 

47  0 

38.5  ' 

78.6 

30\3 

16.7 

-32 

3 

35 

9M 

8.6 

53.0 

61.5 

21.4  ' 

48.5 

4.5 

52 

14 

66 

78.8  • 

21.2 

100.0 

*  - 

Chi  Square 

5,61 

df 

1 

Phi 

.33 

Significance 

'  .02 

0 

.  1 

2 

Total 

\  11 

20 

X) 

«  31 

s3\.5 

64.5, 

0 

47.0 

31  .v4 

69.0 

0 

(38.6) 

16.7\ 

30.3 

0 

24 

9 

35 

68.6 

\25.7  - 

s.v  •' 

53.0 

68.6 

31.0 

100.0 

(28.9) 

36.4  ' 

13.6 

3.0 

35 

29 

2 

66 

53.0 

43.9 

3*.o. 

100.0 

Mann-Whitney  U  702 
Wilcoxon  Rank  Sum  W  1198 
Z  #  /2.34 

Significance  ^.02 


\ 


2 


ERIC 


TaWje  140 


.Proprotional 
Reasoning  Ability 


Low- 
High 
Total 


Interview  Data  Analyses":    Stoichiometry  -  Problem  3 
Proportional  Reasoning  Ability 

 £  Algorithmic  Reasoning 


Systematic  Approach 
TP  l^  Total 


.  21 
67.7 
61.8 
31.8 

13 
37.1 
3fc.2 
19.7 

34 
51.5 


10 
32.3 
31.3 
15.2 

22 
62.9 
68.8 
33.3 

32 
48.5 


Chi  Square 

df 

Phi 

Significance 


31 
47.0 


35 
53.0 


66 
100.0 


i.00 
1 

.30 
.03 


Strategy 


Total 


31 
100.0 
55.4 
47.0 

25 
71.4 
44.6 
37.9 

56 
84.8 


0 
0 
0 
0 

10 
28.6 
100.0 
15.2 

10 
15.2 


Chi  Square 

df 

Phi 

Significance 


31 
47.0 


35 
53.0 


66 
LOO.O 


8.33 
1 

.40 
.004 


\ 


Table  141 


Interview  Data* Analyses:    Stoichiometry  -  Problem  3 
Proportional  Reasoning  Ability 


*roportional 
teasoning  Ability 


Comments  About  Solution 


0 


T 


Total 


Low 

High 
Total 


16.  lb 
7.6d 

i* 

51.4 

78.3' 

27.3 

23 
34.8 


20 
83.9 
60.5 
39.4 

17 
48.6 
39.5 
25.8 

43 
65.2 


31 
47.0 

(39. 7)6 


35 
53.0 
(28.0) 


66 
100.0 


Manrt-Whitney  U  734 

Wilcoxon  I<$nk  Sum  W  1230 

2  2.98 

Significance  .003 


Structural  Error  -  3 


22 
71.0 
57.9 
33.3 

16 
45.7 
42.1 
24.2 

38 
57.6 


0 
0 
0 
0 

1 

31.4 
100.0 
.  16.7 

11 

16.7 


4 

12.9 
4'0.0 
6.1 

6 

17.1 
60.0 
9.1 

10 
15.2 


Chi  Square 

df 

V 

Significance* 


•  5 
16.1 
71.4 

7.6 

2 

5.7 
28.6 
'  3.0 

7 

10.6 
-13.44 

.004 


Total 

31 
47.0 


35 
53.0 


66 
100.0  • 

\ 


**Count 

"Row  percentage 
^Column  percentage 
"Total  percentage 
5"fean  rank 
^Cramer's  V 


ERIC 


2Si 


\ 


Table  142 


Interview  Data  Analyses:    Stoichiometry  -  Tr.tal 
Proportional  Reasoning  Afiility 


Proportional 
Seasoning  Ability 


Systematic  Approach 

0 

1 

2 

J 

12 

4 

6 

9 

71 

31 

38.7 

12.9 

19.4 

47  0 

80.0 

50.0 

50.0 

29.0 

(26.1) 

18.2 

6.1 

9.1 

13.6 

3 

4 

6 

22 

35 

8.6 

11.* 

17.1 

62.9 

53.0 

20.0 

50.0 

50.0 

71.0 

(40.0) 

4.5- 

6.1 

9.1 

33  •  3 

15 

8 

12 

31 

66 

22.7 

i2.r 

18,2 

47.0 

100.0 

Mann-Whitney  u 

314 

Wilcoxon  Hank  Sum  W 

810 

Z 

-3.13 

Significance 

.002 

0 

1 

2 

3 

28 
90.3 
62.2 
42.4 

1 

3.2 
33.3 
1.5 

2  • 
6.5 
25.0 
3.0 

.  0 
0 
0 

o  , 

47.0 
(25.7) 

17 

J  48.6 
37.8 
25.8 

2 

5.7 
66.7 
3.0 

6 

17.1 
75.0 
9.1 

10 
28.6 
100.0 
15.2 

35 
53.0 
(40.4) 

45 
68.2 

3 

4.5 

''  8 
12.1 

10 
15.2 

66 

100.0 

Mann-Whitney  U  v  300 
Wilcoxon  Rank  Sum  W  796 
Z  -3.78 
Significance  .0002 

9  0 


Table  143 


Interview  Data  Analyses:    Stoichiometry  -Total 
Proportional  Reasoning  Ability 


Proportional 
Seasoning  -Ability 


Use  of  Random  Trial  told  Error 


Comments  About  Solution 


0 

1 

^  ■ 

"  3 

Total 

0 

1 

1 

17 

5 

4 

5 

31 

0 

9 

<5 

54.8 

16.1 

12.9 

16.1 

47.0 

0 

29.0 

16.1 

39.5 

45.5 

66.7 

83.3 

(37.6) 

0 

45.0 

41.7 

25.8 

7.6 

6.1 

7.6 

0 

13.6 

7.6 

26 

6 

2 

1 

35 

12 

11 

1 

I 

74.5 

17.1 

5.7 

2.9 

53.0 

34.3 

31.4 

20.0 

60.5 

54.5 

33.3 

16.7 

(29.8) 

100.0 

55.0 

58.3 

39.4 

9.1 

3.0 

1.5 

18.2 

16.7 

10.6 

43 

11 

6 

6 

66 

12 

20 

12 

65.2 

16.7 

9.1 

9.1 

100.0 

18.2 

30.3' 

18.2 

1  TotaT 


'  Low 


High 


Mann -Whitney  b  670 

Wilcoxon  Rank  Slim  W  1166 

Z  1.94 

Significance  .05 


16  1 

51.6  3'.2 

76.2  100.0 

24.2  1.5 

5  0 

14.3  0 
23.8  0 

7.6  0 

21 
31.8 


35 
53.0 
(24.3) 


1  ;~W 
1.5  100.0 


Mann-Whitney  U  845 

Wilcoxon  Rank  Sum  W  1341 

Z        •  4.03 

Significance  .0001 


Table  144 


Interview  Data  Analyses :    Stoichicmetry  -  Total 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 


Problems  Correct 

Questions  Correct 

0 

1 

2  . 

3 

Total 

2 

3 

4 

Total 

LL 

* 

9 

0 

0 

31 

c 

12 

14 

31 

71.0 

29.0 

0 

0 

47.0 

16.1 

38.7 

45.2 

47.0 

55.0 

56.3 

0 

6 

(2e.6) 

50.0 

75.0 

35.0 

•  (29.0) 

33.3 

13.6 

0 

U 

7.6 

18.2 

21.2 

18 

7 

6 

4 

35 

5 

4 

26 

3S 

51.4  . 

20.0 

17.1 

11.4 

53.0 

14.3 

11.4 

74.3 

53.0 

45.0 

'  43.8 

100.0 

100.0 

(37.8) 

50.0 

25.0 

65.0 

(37.4) 

27.3 

10.6. 

9.1 

6.1 

7.6 

6.1 

39.4 

40 

16 

6 

4 

66 

10 

16 

40 

66 

60.6 

24.2 

9.1 

6-.1 

100.0 

15.2 

24.2 

60.6 

.  100.0 

Mann-Whitney  L 

391 

Mann-Whitney  u 

404 

Wilcoxon  Rank  Sun  W 

887 

Wilcoxon  Rank  Sum  W 

900 

Z 

-2*22 

2 

-2.03 

Significance 

.03 

Significance 

.04 

Low 


Hi^h 


Total 


2Si 


9 

ERJC 


Table 


Interview  Data  Analyses :   Molarity  -  Problem  1 
Proportional  Reasoning  Ability 


Use  of  Random 
Trial  and  Error 


Proportional 
Reasoning  Ability 


Algorithmic  Reasoning 


0 

.1 

TotaT 

28 

1 

29 

96.6 

3.4 

45  3 

63.6 

5.0 

43.8 

1.6 

•  16 

19 

35 

45.7 

54.3 

54.7 

36.4 

95.0 

25.0 

29.7 

44  ' 

20 

64 

68.8 

31.3 

100.0 

Chi  Square 

16.79 

df 

1 

Phi 

.54 

0 

1 

Total 

22 
75.9 
39.3 
34.4 

7 

24.1 
87.5 
10.9 

29 
45.3 

34 
97.1 
60.7  \ 
53.1  X 

1 

2.9 
12.5 
1.6 

35 
54.7 

56 
87.5 

8  ' 
12.5 

64 
100.0 

Chi  Square 

df 

Phi 

Significance 

4.77 
1 

.32 
.Q3 

Low 


High 


Total 


Significance'  <.OO01 


23; 


9 

ERIC 


Table  146 


Interview  Data  Analyses:   MDj.ari.ty  -  Problem  1 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 


Structural  Error  1 


Low 


High 


Total 


3 

'  7 

4 

0  -'i 

1 

0 

5 

8 

10.3 

l24.1 

13.8 

4 

3.4 

0 

17.2 

27.6 

42.9 

87.5 

100.0 

100.0 

'50.0 

0 

62.5 

25.8 

4.7 

10.9 

6.3 

1.6 

1.6 

0 

7.8 

12.5 

'4 

1 

0 

0 

1 

3 

3 

23 

11.4 

2.9 

*  0 

0 

•  2.9 

8.6 

8.6 

65.7 

57.1, 

12.5 

0 

0 

50.0 

100. 0 

37.5 

74.2 

6.3 

1.6 

0 

0 

1.6 

4.7 

4.7 

35.9 

7 
/ 

8 

4 

1 

? 

3 

8 

31 

10.9 

12.5 

6.3 

1.6 

3.1 

4.7 

12.5 

48.4 

Chi  Square 

20.01 

-df 
f\ 

.  1 
.56 

/ 

Total* 


29 

45/:  3 


35 
54.-7 


64 
100.0 


Significance  .006 


Table  147 


Proportional 
Reasoning  Ability 


Low 

Hign 
Total 


Interview  Data  Analyses :   Molarity  -  Problem  1 
Proportional  Reasoning  Ability 


Structural  Error  -  2 


T 


6 

0 

5 

12 

20.7 

0 

17.2 

41.4 

60.0 

0 

71.4 

85.7 

9.4 

0 

7.8  ' 

18.8 

J 

'4 

2 

2 

.  * 

11.4 

5.7 

5.7 

'  -5.7 

40/.  0 

100.0 

28.6 

14^ 

t>.3 

'  3.1. 

3.1 

3.1 

.10 

2 

7  ■ 

14 

15.6 

3.1 

10.9 

21.9 

6.9 
50.0 
3.1 

2 

5.7 
50.0 
3.1 
< 
4 

.  6.3 


8 


3 

10.3 
11.5 

4.7 

23 
65.7 
88.5 
35.9 


2 

40*.  6 


1< 
3.4 
100.0 
1.6 

'  o' 

\"U 
0 
0 

1 

1.6 


Total 


29 
45.3 


35 
54.7 


64  , 
100.0 


Chi  Square     *  26.89 

df  6 

V  .t>5 

Significance  .0002 


/ 


2ST 


Table  148 


fropoTticnal 
Reasoning  Ability 


Low 


High 


Total 


Interview  Data  Analyses:   Molarity  -  Problem  2 
Proportional  Reasoning  Ability 


Algoritnmic  Keasoiung 


Strategy 

0 

1 

Total 

27 
93.1 
56.3 
42.2 

i 

j     ,  2 
{  6.9 
\  12.5 
V     3.1  • 

,  29 
45.3 

21 
60.0 
43.8 
32.8 

14 
40.0 
87.5 
21,9 

35 
54.7 

48  - 
75.0 

16, 
v-,  25.Q 

64 
100.0 

Chi  Square 

d£ 

Phi 

Significance 

7.59 
1 

.38 

„006 

7 


Table  149 

Interview  Data  Analyses:    Molarity  -  Problem  3 
Proportional  Reasoning  Ability- 


•  Proportional 
Reasoning  Ability 

Rereadine/Statine  Problem 

Algorithmic  Reasoning 
Strategy  * 

Comments 

About  Solution 

0 

1 

2 

Total 

0 

1  . 

Total 

DT 

i 

uuta± 

- 

*  Low 

14 

48.3 
58.3 
21.9 

14 
48.3 
42.4 
21.9 

1 

5.4 
14.3 
1.6 

29 
45.3 
(27.9) 

20 
89.7 
54.2 
40.6 

3 

10.3 
18.8 

4  7 

29 
45.3 

10 
34.5 

15.6 

19 
65.5 
57.6 
29.7 

29 
45.3 
(37.0) 

High 

10 
28.0 
41.7 
15.6 

19 
54.3 
57.6 
29.7 

6 

17.1 

85.7 
9.4 

35 
54.7 

(36.3)  ' 

'  22 
62.9 
45.8' 
34.4 

13 
37.1 
81.3 
20.3 

35 
54.7 

21 
60.0 
67.7 
32.8 

14 
40.0 
42.4. 
21.9 

35 
54.7 
(28.8) 

Total 

24 
37.5 

33"  • 
51.0 

7 

10.9 

64 
100.0 

48 
75.0 

16 
25.0 

64 

.100.0" 

31 
48.4 

33 
51.6 

64 
100.0 

• 

<* 

Mann-Whitney  U  375 
Wilcoxon  Rank  Sum  W  810 
Z  -i.99 
Significance         ;    .05  • 

Chi  Square 

df 

Phi 

Significance 

4.73 
1 

.31  * 
.03 

Mann -Whitney  U 
Wilcoxon,  Rank  Sum 
Z 

Significance 

637 
N  1072 
2.02 
*  .04 

(  2S'J 


250 


4* 
00 


Table  150 

Interview  Data  Analyses:   Molarity  -  Problem 
Proportional  Reasoning  Ability 


,._  ^   Structura!  Error  :  24      ^      ,-««>»■,>»•»  ^ 


Reasoning  Ability 


Low 


12            2  4  7           4  '     29  16  0  7  1       6  .  29 

41  4  v      6.9  13.8  24.1  13.8  45.3     55.2  0  24.1  20.7  45.3 

66.7  15.4  *.26.7  53.8  80.0  45.7  0  87.5  33.3 

18.8  3.1  6.3  10.9  6.3  ■  .  25.0  0  10.9  9.4 


6           11           11  6  1      *  35        19-          3           1  12  35 

17.1      .31.4        31.4  17.1  2.9       54.7    .54.3        8.6        2.9  34.3  54.7 

High                   33.3        84.6        73.3,  46.2  20.0                 54.3     100.0       12.5  66.7 

*          *           9.4        17.2        17,2  9.4  1.6                 29.7        4.7        1.6  18.8 

p        Total                    18           13           15  13  5         64        35           3           8  18  64 

28.1   •     20.3        23.4  20.3  7.8     100.0     54.7        4.7       12.5  28.1  100.0 

Chi  Square  12.93  Chi  Square  .9.28 

df  4  df  3 

V  .45  •                                   V  .38 

Significance  .01  *                     Significance  .03 


\ 
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Table  151 


Interview  Data  Analyses:   Molarity  -  Total 
Proportional  Reasoning  Ability 


Proportional 
Reasoning  Ability 


Nons^stCTmatic  Approach 


T 


Total 


Algorithmic  Strategy  Oily  

—  2  3 —  Total 


Low 

17 
58.0 
37.8 

__?6.A 

7 

24.1 

58.3° 

10.9 

3 

10.3 
00.0 
4.7 

2 

.6.9 
100.0 
3.1 

29.  . 
45.3 
(36.5) 

0 

20.7 

7  7  7 

33.3 
"9,4 

7 

24.1 
35.0 
10.9 

11 

37.9 
55.0 
17.2 

5 

17.2 
83.3 
7.8 

29- 
45.3 
("57  81 

High* 

28 
80.0 
02.2 
43.8 

.5  ' 
14.3 
41.7 
7.8 

'l 
5.7' 
40.0 
-  3.1 

0 
0 
0 
0 

35 
54.7 
(29.2) 

12 
34.3 
06.7 
18.8 

13 
37.1 
65.0 
20.3 

9 

25.7 
45.0 
14.1 

1 

2.9 
16.7 
1.6 

35 
54,7 
(28.1) 

Total 

45 
70.3 

•  12 
18.8 

5 

7.8 

2 

3.1 

04 
100.0 

18 
28.1 

20 
31.3 

20 
31.3 

6 

9.4 

64 
100.0 

! 

MaiuT-Whitney  U  023 
Wilcoxon  Rank  Sum  W  1058 
Z  1.95 
Significance  .05 

Mann -Whitney  if 
Wilcoxon  Rank  Sum  W 
Z 

Significance 

662 
1097 
2.18 

.03 

0 
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Table  152 


Interview  Data  Analyses :   Molarity  -  Total 
Proportional  Reasoning  Ability 


Proportional 
teasofiing  Ability 


Low 

High 
Total 


* 

Algorithmic  Reasoning  Strategy 

Use  of  Random  Trial  and  Error 

0 

a  1 

2 

3 

Total  • 

0 

1 

2 

lotai 

25 
86.2 
67.6 
39.1 

3 

10.3 
'  27.3 
4.7 

0 
0 
0 
0 

1 

3.4 
11.1 
1.6 

29 
45.3 
(22.9), 

16 
55.2 
36.4 
25.0 

8 

27.6 
57.1 
12.5 

3 

10.3 
75.0 
4.7 

-  2 
6.9 
100.0 
3.1 

29 
45.3 
(37.3) 

(ft 

12 
34.3 
32.4 
18.8 

8 

22.9 
72.7 
12.5 

7 

20.0 
100.0 
10.9 

8 

2"2.9 
88.9 
12.5 

35 
54.7 
.%K).5) 

"28 
80.0 
63.6 
43.8 

6 

17.1 
42.9 
9.4 

1 

2.9 
25.0 
1.6. 

0 
0 
0 
0 

35 
54.7 
(28.6) 

37 
57  ..8 

11 
17.2 

7 

10.9 

9 

14.1 

64 
100.0 

44 

68.8 

14 
21.9 

4 

6.3 

*  2 
3.1 

64 
100.0 

Mann-Whitney  U  "  229 
Wilcoxon  Rank  Sum  W  664 
Z  -4.20 
Significance  <.0001 

Mann-Whitney  U 
Wilcoxon  Hank  Sum 
Z 

Significance 

645 
W  1080 
2.28 
.02 

\ 

1 

/ 

 _  f  r- 


Proportional  * 
Reasoning  Ability 

Disregards  Information  Given 

Comments  About  Solution 

0 

1 

2 

Total 

0 

1 

2 

3 

Totals 

*  20 

c 

7 

2 

Z9 

5 

11 

10 

-  '  29 

69.0 

24.1 

6.9 

45.3  . 

17  2 

37.9 

34.5 

in  ^ 

45.3 

LOW 

38.5 

70.0 

inn  n 

(56  5) 

40.7 

71.4 

60. a 

(38.31 

31. J 

10.9 

3.1 

7.8 

17.2 

15.6 

4.7  •  . 

32 

3 

0 

35 

13 

16 

4  • 

2 

35 

—91%  4 

8.6 

0 

54.7 

37.1 

45.7 

11.4 

5.7 

54.7^ 

High 

61.5 

30.0 

0 

(29.2) 

72.2 

59.3 

•28.6' 

40.0 

(27.7) 

50.0 

4.7 

0 

20.3 

25.0 

6.3 

3.1 

Total 

52 

10 

2 

64 

18  ' 

27 

14  . 

5 

64 

81.3 

15.6 

3.1 

100.0 

28.1 

42.2 

21.9 

7.8 

100.0 

Mann- 

■Whitney  U 

624 

Mann -Whitney  U 

675 

• 

Wilcoxon  Rank 

Sum  W 

1059 

• 

Wilcoxon 

Rank  Sum 

W1110 

Z 

2.33 

Z 

2.40 

Significance 

.02 

Significance 

.02 

EMC 


Table  153 

Interview  Data  Analyses:   Molarity  -  Total 
Proportional  Reasoning  Ability 
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'  Table  154 

Interview  Data  Analyses :  Molarity  -  Total  * 
Proportional  Reasoning  Ability 


Proportional 
Seasoning  Ability 


Problems  Correct 
I  2  


Total 


Low 

High 
total 


26 
89.7 
66.7 
40.6 

13 
37.1 
33.3 
20.3 

'  39 
60.9 


2 

6.9 
13.3 
3.1 

13 
37.1 
86.7 
20.3 

1} 
23.4 


1 

3.4 
12.5 
1.6 

7 

20.0 
"87.5 
10.9 

"■  8 
12.5 


0 
0 
0 
0 

2 

5.7 
100. Q 
3.1 

2 

3.1 


Mann-Whitney* U  237 
Wilcoxon  Rank  Sum  W  672 
Z  -4.18 
Significance  <.0001 


29 
45.3 
(23.2) 


35 
54.7 
(40.2) 


.64 
100.0 


5 

17.1 
83.3 
7.8 

1 
2.9 
16.7 
1.6 

6 
9.4 


Questions  Correct 
 T  T 


17 
58.6 
68  J 
26.6 

8 

22.9 
32.0 
12.5 

25 
39.1 


5 

17.2 
22.7 
7.8 

17 
48.6 
77.3 
26.«* 

22 
34.4 


2 

6.9 
18.2 
3.1 

9 

25.7 
81.8 
14.1 

11 
17.2 


Mann-Whitney  U  236 
Wilcoxon  Rank  Sum  W  671 
Z  ~  *  -3.87 
Significance  .0001 


29J 


* 

ERIC  . 


« 


Table  155 


Interview  pata  Analyses:   Molarity^-  Total 
Proportional  Reasoning  Ability 


X 


Proportional 
Reasoning  Ability 


Questions  Correct  Without  Prompting 


7 


Total 


v  Low  • 
.  High 

* 

Total 


3 

10.3 
100.0 
•  4.7 

0 

•.     0  ' 
0 

3 

4.7 


6: 

20.7 
85.7 
9.4 

1 

2.9  ' 
14.3 
1.6 

7 

10.9 


.  13 
44.8 
52.0 
20.3 

12 
34.3 
48.0\. 
18.8 

25 
39.1 


5 

17.2 
•31.5 

7. '8^ 

11 
31,4 
68.8 
17*2 

-16*' 
25.0  . 


2 

6.9 
25.0 
3.1 

.  6 
#17.1 
75.0 
9.4 

8 

12.5 


Mam-Whitney  .13  240' 
Wilcoxon  Rank  Sum.W  675 
Z  '  -3.75 

Significance  '        .  0#52 


0 
0 
0 
0 

5 

14.3 
100.0 

7.8- 

5 

7.8 


'29 
45.3 
(25.3) 


'  35 
54.7 
(40.1) 


64 
100.0' 


255  - 


all  analyses  (Tables  136,  13$,  140,  142),  and  molcrity,  all  analyses  '(Tables 

145,  148,  149%,  152).    Students  with  high  proportional  reasoning  ability  used 

algorithmic  reasoning  stratgies  ribre  frequently  than  lovuproportional  reasoning 

students  in  solving  problems.  * 

Rardom  trial  and  error,   Moles,  total  (Table  127) f  stoichiometry ,  problem 

2,  total  (Tables  139,  143)%,  and  molarity,  problem  1,  total  (Tables  145,  152). 

-          *         .  > 

Low  proportional  reasoning  students  made  a  greater  use  of  this  strategy. 

•  *  * 

'       .     %    disregards  what  is  givea  ip  problem.    Molarity,  total  (Table  153).  Low 

proportional  reasoning  students  more  frequently  did  this. 

-Coninents*  about  solution.   Mo lesy  problems  1,  3,.  total  (Tables  123,  125, 
128), gas  laws,   problem  1, (Table  131)  ,\  stoichiometry,  all  problems,  total 
(Tables  136,  139,  141,  143),  and  molarity ,  problem  3,  total  (Tables  149,  153)* 
Low  proportional  reasoning  students  made  comments  about  the  solution  moro4 
frequently . 

Problems  correct.    Analyzed  only  for  totals  and  significant  for  moles 
(Table  128) »  stoichiometry  (Table  144) ,  and  molarity  (table  154) .  High 
proportional  reasoning  students  got  the  problems  correct  more  frequently. 

Questions  correct ,   Analyzed  only  for  totals  and  significant  for  males 
(Tablel29),  stoichiometry  (Table  144),  and  molarity  (Table  154)  .  High 
proportional  reasoning  students  got  more  questions  correct. 

Questions  without  prompting  correct ,    Analyzed  only  for  totals  and 
significant  for  moles- (Table  130),  and  molarity  (Table  155).    High  pro- 
portional reasoning  students  answered 'quest  ions  correctly  without  prompting 
more  frequently. 

>  Structural  errors.    Structural  errors  are  analyzed  according  to  each 
chemistry  unit. 

I.1    Stoichiometry  1-1,  Table  137,    Students  with  high  propor- 
tional reasoning  ability  more  frequently  remembered  to  balance  the  equation 


2S6 


in  soiving  a  simple  stoichiometry  problem. 

2.  Stoichiometry  3-3,  Table  141.  A  greater  number  of  high 
proportional  reasoning  students  attempted  to  solve  the  problems  than 
low  proportional  reasoning  students.  , 

3.  Molarity  1-1,  Table  146.    A  greater  number  of  high 
proportional  reasoning  students  calculated and  used  molecular  weights  correctly 
in  solving  a  simple  ntolarity  problem  than  low  proportional\reasoning  students. 

tf.    Molarity  1-2,  Table  147.    A  greater  number  of  high 
proportional  reasoning  student*used  the  definition  of  molarity  and  made 
mL  to  L  changes  correctly  than  low  proportional  reasoning  ability  students. 

5.    Molarity  3-2,  Table  150.    A  greater  proportion  of  high 
proportional  reasoning  students  realize, that  an  equation  must  be  used  and 
use  the  balanced  equation  correctly  when  solving  stoichiometry  -  molarity 
problems  than  low  proportional  reasoning  stuerits. 

t>.  .  Molarity  .5  -  3,  lable  ISO.  More  high  proprotionai  reasoning 
students  used  the  definition  of  molarity  correctly  in  solving  a  complex 
molarity  problem  tuan  low  proportional  reasoning  students.  .  - 

Hypothesis  3  ~~~ 


There  are  no  significant  differences  in  chemistry  problem  solving 
strategies  used  by  students  considered  successful  problem  solvers  versus 
unsuccessful  ones. 

Three  different  methods  were  used  to  judge  whether  students  were  con- 
Side  recT  successful  or  unsuccessful.    Method  one  was  based  on  dividing  the 
*  group  of  students  interviewed  for  each  part  approximately  in  half  according 
to  their  scores  on  the  delayed  posttest.    Method  two  divided  each  group  into 
approximately  three" equal  parts  based  on  this  same  test;    Method  three  divided 
the  group  into  two  parts  based  on studentsfcombined  delayed  and  inmediate  post- 
test  scores.    Because  all  three  methods  produced  similar  results,  only  method 
q       two  is  presented  here.    Table  1561i,ts  the  characteristics  pf  the  groups, 
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Table  157  gives  a  suimary  of  the  findings  and  Tables  158-192  present  more 
detail  for  analyses  that  produced  significant  findings. 

Reading/organizing .    Moles,  problem  1,  total  (Tables  158,  1S4).  Re- 
sults are  not  definitive.    Students  of  middle  and  high  success  tended  to 
read  and  organize  more.    No  significant  differences  in  three  other  units. 

Mneumonics.    Moles,  problem  1,2,  total  (Tables  158,  160,165)  and 
stoichiometry,  problem  1  (Table  167).    Successful  students  used  mneumonic 
notation  more  frequently. 

Systenmatic  production..  Moles,  all  problems  (Tables  158,  160,  162, 
165),  gas  laws,  total  (Table  174),  and  stoichiometry,  problem  1,  2,  total 
(Tables  176,  179, ,  183 ).    Successful  students  used  systematic  approaches. 

Arithmetic  approach.    Moles,  total  (Table  166),  stoichiometry,  problems 
1,2,  total  (Tables  176,  179,183),  and  ltolarit\  problem  3  (Table  189). 
Successful  students  used  an ^rffitfiRtetic  approach. 

Nonsystemmatic  approach.    Moles,  problems  1,  3,  total,  (Tables  159,  162, 
166  )»  stoichiometry ,  problems  1,  2,  tota1  (Tables  177,  179,  184),  and 
molarity,  problem  3,  total  (Tables  189,  In  general,  unsuccessful 

students  were  nonsystemmatic  in  their  approach  to  problem  solving. 

No  answer  ^cn«    Moles,  problems  2,  3,  total  (Tallies  160,  162,  lt>7), 
and  stoichiometry,  problem  1  (Table  177).    flus  was  more  prevalent  among 
unsuccessful  students. 

Algoritlunic/reasoning  strategy.    Moles,  all  problems  (Tables  159,  161, 
163,  167),  &as  laws,  all  problems  (Tables  171,  172,  173,  174),  stoichiometry, 
all  problems  (Tables  178,  181,  182  ,  184) ,  and  molarity,  problem  3  (Table  189). 

Random  trial  and  error.    Moles,  problem  3,  total,  (Tables  163,168),  and 
molarity,  problem  2,  total  (Tables  188,  191).    This  strategy  was  used- more  by 
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Table  156 
Distribution  o£  Students  According 
to  Scores  on  Delayed  Posttest 


Unit 

Low 

Middle 

Range 

X 

N 

Range 

X 

N 

Range 

N 

* 

Moles 

1-5 

3.8 

20 

6-8 

7.4 

22 

9-10 

9.6 

32 

Gas  Laws 

1-5 

3.8 

19 

6-8 

7.0 

25 

9-10 

9.8 

20 

Stoichiometry 

1-5 

3.1 

21 

6-8 

7.2 

24 

9-10 

9.4 

21 

Molarity 

2-5 

3.9 

15 

6-7 

6.7 

24 

•  8-10 

8.8 

16 

9 

ERIC 
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Table  157 

Sunsuary  of  Significant  Finding:*:    lligh,  Middle  or  Ia>w  Succc^b  on  lests 


301 


Moles 

Cas  Lavrs 

Stoichiorcetry 

Molarity 

Protocol  €«fegories 

bi  a 

"  -  pV  " 

r  j 

rd 
*  * 

PI 

P2  P3 

T 

PI 

r: 

P3-  T 

PI        P2  P3 

T 

*Reading/Organu  ing 

11.04® 
.004  1 

7.17 
.03 

Rereads  or  Stating 

• 

Mneuronics 
Product  ion 

9.83 
.007 

6.19 
.05 

10.47 
.005 

3.85 
.05 

'* 

Syster«matic 

11.21 
.004 

12.15 
.002 

10.5/ 
.005 

17.25 
.0002 

7.57 
.02 

12.78 
.002 

9.83 
.007 

9.44 
.009 

Approach  Taught 

An  timet  ic 

• 

7.12 
.05 

7#62 
.02 

6.46 
.04 

6.95 
.05 

6.92 
.03 

Nonsys  tenure  tic 

6.20 
.05 

9.44 
.009 

12.  £0 
.002 

* 

6.64 
04 

6.99 
.03 

6.30 
.04 

6.08 
.05 

6.61 
.04 

No  Answer  f 
Strategy 

11.42 
.003 

6.20 
.05 

7.82 
.02 

6.77 
.03 

Algorithmic 

Alg/ Reason ing 

9.06 
.01 

15.04 
1 0005 

16.84 

.001)2 

16.09 
.0003 

8.17 
.02 

9.58  18.06 
.008  .0001 

15.37 
.0005 

16.49 
.0003 

19.30 
.0001 

12.61  21.55 
.002  <.0001 

11.28 
.004 

- 

Random  T  f*  E 
structural  trror 

9.44 
.009 

12.10 
.002 

6.11 
.05 

J* 

6.44 
.04 

Misinterprets 

Disregards  given 

Disregards  gen 

Misapplies 

Not  generate 

w 


Table  157  (continued) 
Summary  of  Significant  Findings:    fligh.  Middle  or  Low  Success  on  Tests 


Moles 


Molarity 


Protocol  Categories 

PI 

P2 

P5 

T 

PI 

>2 

P3 

T 

PI 

P2 

P5 

T 

PI 

P2 

P3 

T 

*Evaluat ion 

A, 

•Carmen ts  about  Solutior 

11.45 
.005 

8.10 
.02 

10. M 
.006 

16.32 
.0003 

15.49 
.004 

8.35 
.02 

14.13 
.0009 

•Executive  Errors 

6.10 
.05 

* 

11.42 

^.003 

10.78 
.005 

•Problems  Correct 

Xx 

X 

X 

15.44 
.0004 

X 

X 

X 

8.14 
.02 

X 

X 

X 

1*>  At 

11.43 

.002 

v 

A 

v 
A 

v 
A 

fx  JA 

.04 

•Questions  Correct 

X 

X 

X 

20.68 
<  .0001 

X 

X 

X 

X 

X 

X 

9.11 
.01 

X 

X 

X 

•Question  w/o  Prompting 
structural  errors 

X 

X 

X 

2?. 11 
< .0001 

X 

X 

X 

0 

X 

X 

X 

6.19 
.05 

X 

X 

X 

Sectional  •  1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Section  1  -  2 

X 

X 

X 

X 

X 

X 

X 

18.45 
.00*^ 

X 

X 

X 

X 

X 

X 

Section  2  -  1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Section  2*2 

X 

X 

X 

X 

X 

X 

X 

X 

12.68 
.05 

X 

X 

X 

X 

X 

Section  3  -  1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Section  3  -  2 

X 

X 

X 

X 

X 

X 

28.53 
.01 

X 

X 

X 

X 

X 

X 

22.00 
.005 

X 

Section  3  -  3 

X 

X 

X 

X 

X 

X 

X 

X 

x  ;*N^.S4 

X 

X 

X 

18.07 
.006 

X 

•Category  sun 
aProblem  1 
bProblem  2 
cProblem  3 

dSm  of  Problems  1,2*3 


Statistic 
^Probability  level 

fiSum  of  rereads  and  restates  subcategories 
^Section  on  supplementary  coding  sheet 
*dot  meaningful 
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Table  158 

Interview  Data  Analyses:   Moles  -  Problem  1 
High,  Middle0or  Low  Success  on  Tests 


access  on 
ssts 


Low 

Middle 

High 
Total 


0 

1  , 

2 

—  n — 

3 

louai 

15a 

5 

2 

0 

20 

65. 0b 

25.0 

10.0 

0 

27.0 

4l*!d 

16.1 

16  7 

0 

(27.6) e 

17. 6d 

6.3 

2.7 

0 

4 

10 

6 

2 

22 

is.: 

•  45.5 

27.3 

9.1 

29.7 

13.3 

32.3 

50.0 

100.0 

(48.0) 

5.4 

13.5 

8.1 

2.7 

t  _ 

16 

4  * 

0 

32 

37. 5 

50.0 

12.5 

0 

43.2 

41.4 

51.6 

33.3 

0 

(36.4) 

lb,  2 

21.6 

5.4 

0 

19 

31 

12 

2 

74 

39": 

41.9 

16.2 

2.7 

100.0 

KK  Chi  Square  11.04 
df  '  6 
Significance  .004 


acount 

hRow  percentage 
ccoluai  percentage 
dTotal  percentage 

fMean  rank 
f Cramer's  V 


17 
85.0 
39.5 
23.0 

13 
59.1 
30.2 
17.6 

13 
40.6 
30.2 
17.6 

43 
58.1 


3 

15.0 
9.7 
4.1 

9 

40.9 
29.0 
12.2 

19 
59.4 
61.3 
25.7 

•  31 
41/9 


KW  Chi  Square, 

df. 

Significance 


20 

8 

12 

L I  •  U 

40  0 

60.0 

(27.5) 

57.1 

20.0 

10.8 

1*.2 

22 

5 

17 

29.7 

22.7 

77.3 

(37.1) 

35.7 

28.3 

6.8 

23.0 

32 

1 

31 

43.2 

3.1 

96.9 

(44.0) 

7.1 

51.7 

1.4 

41.9 

74 

14 

'  60 

100.0 

18.9 

81.1 

9.63 

Chi  Square 

2 

df 

.007 


Sign! ficance 


11.21 
.004 


Table  1S9 


Interview  Data  Analyses :   Moles  -  Problem  1 
High,  Middle  or  Low  Success  on  Tests 


Nonsystemnatic  .Approach 
Cl^    T  Total 


Algorithmic  Keai>umng 
Strategy 


"TFcaT 


15 

5 

20 

17 

3 

20 

♦  75  0 

25  0 

27.0 

85.0  1 

15.0 

27.0 

Low 

22.7 

62.5 

29.3 

18.8 

20.3 

6.8 

23.0 

.  4.1 

20 

2 

22 

21 

1 

22 

90.9 

9.1 

29  7 

95.5 

4.5 

29.7 

Middle 

30.3 

25.0 

36.2 

b.3 

27.0 

2.7 

28.4 

1.4 

e 

•31" 

1 

32 

20 

12 

32 

96.9 

3.1 

43.2 

62.5 

37.5 

43.2 

47.0 

12.5 

34.5 

75.0 

High 

41.9 

1.4 

27.0 

lb.  2 

Total 

66 

8 

74 

58 

16 

74 

89.2 

10.8 

100.0 

78.4 

21.6 

100.0 

Chi  Square 

6.20 

Chi  Square 

9.06 

df 

2 

df 

2 

V 

.29 , 

V 

.3S 

Significance 

.05 

Significance 

.01 

Comments  About  Solution 
 1 


10 
50.0 
18.9 
13.5 

14 
63.6 
26.4 
18.9 

29 
90.6 
54.7 
39.2 

53 
71.6 


7  3 
35.0  15.0 
41.2  .100.0 
9.5  4.1 


7 

31.8 
41.2 
9.5 

3 
9.4 
17.6 
4.1 

17 
23.0 


0 
0 
0 
0 

0 
0 
0 
0 

3 

4.1 


0 
0 
0 
0 

1 

4.5 
100.0 
1.4 


KW  Chi  Square 
df 

Significance 


_0  _ 
0 
0 
0 

1 

4.1 

11.43 
6 

.003 


9 

ERIC 
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Table  160 


Interview  Data  Analyses:  Moles  -  Problem  2 
High.,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 


Low 

Middle 

High 
Total 


Use  of 
fttctaaonic  Notation 


7T 


T 


Total 


Systemmatic  Approach 
if  I  Total 


— r~ 

14 
70.0 
38.9 
18.9 

11 
50.0 
30.6 
14.9 

11 

34.4 
30.6 
14.9 

36 
48.6 


6 

30.0 
15.8 
8.1 

11 

50.0 
28.9 
14.9 

21 
65.6 
55.3 
28.4 

38 
51.4 


KK  Chi  Square 
df 

Significance 


20 
27.0 
(29.6) 


22 
29.7 
(37.0) 


32 
43.2 
(42.8) 


74 
100.0 

6.19 
2 

.05 


9 

45.0 
64.3 

12.2 


9.1 
14.3 
2.7 

3 

9.4 
21.4 
4.1 

14 
18.9 


11 

55.0 
18.3 
14.9 

20 
90.9 
33.-3 
27.0 

29 
90.6 
48.3 
39.2 

60 
81.1 


Chi  Square 

df 

V 

Significance 


20 
27.0 


22 
29.7 


32 
43.2 


74 
100.0 

12.15 
2 

.40* 
.002 


No  Answer  Given 


A 
U 

X 

a  1U  Lai 

16 

4 

20 

80.0 

20.0 

,  27.0 

22.9 

100.0 

Zl.  o 

22 

0 

22 

1UU  .U 

u 

?Q  7 

31.4 

0 

29.7 

0 

32 

0 

32 

100.0 

0 

43.2 

45.7 

0 

43.2 

0 

70 

4 

74 

94. b 

5.4 

100.0 

Chi  Square 

L1.42 

df 

2 

V 

.39 

Significance 


.003 
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Table  161 


Interview  Data  Analyses:   Moles  -  Problem  2 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 


Low 

Middle 

High 
Total 


Algorithmic  Reasoning 


Strategy 

0 

1 

^Total 

19 

1 

20 

27.0 

38.8 

4.0 

25.7- 

1.4 

16 

6 

22 

72.7 

4  27.3 

29.7 

32.7 

24.0 

21.6 

8.1 

14 

18 

32 

43.8 

56.3 

43.2 

28.6 

72.0 

18.9 

24.3 

49 

25 

74 

66.2 

33.8 

,  100.0 

Chi  Square 

15.04 

d£ 

V 

.45 

Conments  About  Solution 
 1  1  TotaT 


9, 

45.0 
18.0 
12.2 

14 
63.6 
28.0 
.18.9 

27 
8<  .4 
54.0 
36-.  5 

50 
67.6 


10 
50.0 
50.0 
13.5 

6 

27.3 
30.0 
8.1 

4 

12.5 
20.0 
5.4 

20 
27.0 


1 

5.0 
25.0 
1.4 

2 

9.1 
50.0 
2.7 

1 

3.1 
25.0 
1.4 

4 

5.4 


20 
27.0 
(45.3) 


22 
29.7 
(39.3) 


32 
43.2 
(31.3) 


74 
100.0 


KW  Chi  Square  8.10 
df  4 
Significance  .02 


Significance 


.0005 
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Table  162 

Interview  Data  Analyses :   Mo^es  -  Problem  3 
High,  Middle  or  Low  Success  on  Tests 

  ■*  ■ — — %~ 


Systematic 

Approach 

Nonsystenmatic 

Approach 
Total 

No  Answer  Given 

0. 

1 

Total 

0 

1 

lotai 

1  A 

0 

20 

XX 

9 

20 

15 

5 

20 

•7A  A 

7U»u 

27.0 

55.0 

45.0 

27.0 

75.0 

25.0 

27.0 

46.7 

13.6 

19.0 

56.3 

- 

22.7 

62.5 

18.9 

8.1 

1 A  Q 

- 

20.3 

6.8 

8 

14 

22 

18 

4 

22 

20 

2  . 

22' 

36.4 

63.6 

29.7 

81.8 

18.2 

29.7 

90.9 

9.1 

29*7 

26.7 

31.8 

31.0 

25.0 

30.3 

25.0 

10.8 

18.9 

24.3 

5.4 

27,0 

2.7 

8 

24 

32 

29 

3 

32 

31 

1' 

32 

25.0 

75.0 

43.2 

90.6 

9.4 

43.2 

96.9 

3.1 

43.2 

26.7 

54.5 

50.0 

18.8 

47.0 

12.5- 

10.8 

32.4 

39.2 

4.1 

41.9 

1.4 

30 

44 

74 

58 

16 

74 

66 

8 

=  74 

40.5 

59.5 

100.0 

78.4 

21.6 

100.0 

"  89.2 

10.8 

100.0  ' 

Chi  Square 

10.57 

Chi  Square 

9.44 

Chi  Square 

6.20 

df 

2 

df 

2 

d± 

2 

V 

.38 

V 

.36 

V 

.29 

Significance 

.005 

Significance 

.009 

Significance 

.05 

31c 


Table  165 


Interview  Data  Analyses:   Moles  -  Problem  3 
High,  Middle  or  Low  Success  on  Tests 


Success  on; 
Tests 


Algorithmic  Reasoning 

 Strategy  

TJ  1  TotaT 


Use  of  ~ 
Randan  Trial  and  Error 
TJ  I  Total 


ComnentSr  About  Solution 
 "~T  •  Tot&l 


ajOW 

Middle 

High 
Total 


20 

0 

20 

1 1 
11 

g 

100.0 

0 

27.0 

55.0 

45.0 

37.0  , 

0 

19.0 

.56.3 

27.0  * 

0 

14.9 

12.2 

18 

4 

22 

18 

4 

81.8 

18.2 

29.7 

81.8 

18.2 

33.3 

20.0 

31.0 

25.0 

24.3  - 

5.4 

24.3 

5.4 

16 

16 

'32 

29 

c  3 

50.0 

'50.0* 

43.2 

-  90.6 

9.4 

29.6 

80.0 

50.0 

18.8' 

21.6 

21.6 

39.2 

4.1 

54 

20 

74 

58 

16 

73.0 

27.0 

100.0 

78.4 

21.6 

Chi  Square  16.84 

df  2 

V         ...  .48 

Significance  .0002 


Chi  Square 
df 

V 

Significance 


,  20 

6 

13  ' 

1 

20" 

27.0 

30  X 

65.0 

5.0 

•  27.0 

14.0 

A  A  O 

44. o 

oU.U 

«fdR  QV 

Q  1 
O  •  1 

1  / .  u 

T  4 

22 

1J 

8 

1 

22 

29.7 

59.1 

36.4 

4.5 

.  29.7 

30.2 

27.6 

50.0 

(37.4) 

17.6 

10.8 

1.4 

32 

24 

8 

0 

32 

43.2 

75.0 

25.0 

0 

43.2 

55.8 

27.6 

0 

(31 .0) 

32.4 

10:8 

0 

74 

43 

29 

2 

74 

100.0 

58.1 

39.2 

2.7 

100.0 

9.44 

2 

.3b 
.009 


KW  Chi  Square  10.31 
df  4' 
Significance     v,  .006 


c 

V 

/ 

Table  164 

0 

< 

0 

t 

/ 

Interview  Data  Analyses :   Moles  -  Total 
High,  Middle  or  Low  Success  on  Tests 

•  ( 

Success  on 
Tests 

Reading/ OrgaaiziriK  Skills 

• 

0 

1 

"2           i  4 

5 

7 

Total. 

Low 

1 

5 

25.0 
50.0 
6.8 

5 

25.0 
62.5 
6.8 

4           1  4 
20\0     '   5.0          20. 0 
23.5        5.9  33.3 
5.4         1.4  5.4 

1 

5.0 
12.5 
1.4 

0 
0 
0 
0 

20 
27.0 
(27.7) 

Middle 

0 
0 
0 
0 

2 

9.1 
25.0 
2.7 

6           4  6 
27.3       18.2  27.3 
35.3       23.5  50.0 
8.1       ,  5.4  8.1 

4 

1  Q  1 

10 .  L 

50.0 
5.4 

0 
0 

o  ■ 

u 

22 
29.7 
(45.1) 

• 

High 

5 

15.6 
50.0 
6.8 

1 

34 
12.5 
1.4 

7          12  2 
21.9       37.5  6.3 
41.2       70. 0        '  16.7 
9.5       16.2  2.7 

3' 
9.4 
37.5 
4.1 

2 

6.3 
100.0 
2.7 

32 
43.2 
(58.4) 

•  - 

t 

Total 

10 
13.5 

8 

10.8 

17          17  12 
23.0      "23.0  16.2 

*  8' 
10.8 

2 

2.7  - 

74 
-100.0 

» 

KW  Chi  Square  .     7 . 17 
df  1  12' 
Significance  .03 

— 

m 

* 

♦ 

\ 

4 

• 

* 

314 

ER?C  . 

-> 

*  • 

• 

Table  165 


Interview  Data  Analyses :  Moles  -  Total 
High,  Middle  of  Low  Success  on  Tests 


Success  on 
Tests  IT 


Use  of  Mneumonic  Notation 
 1  :  3  3  " 


Total 


Low 

r 


Middle 


High 


Total 


12 
60.0 
48.0 
16.2 

7 

31.8 

28;0 
9-.  5 

6 

m  18.8 

24.0 
8.1 

25 

,  33.8 


4 

20  vD 
26.7 
5.4 

5 

°Z  7 
33.3 
6.8 

6 

18.8 
40'.0 
8.1 

15 
20.3 


2 

10.0 

14.3 

2.7 
i 

4 

18.2 
28.6 
•  5.4' 

:\ 

25.0 
57.1 
10.8 

14 
18.9 


10.0 
10.0 

2.7 


30.0 
8.1 

12 
37.5 
60.0 
16.2 

20 
27.0 


KW  Chi  Square  10.47 
df  •  6 
Significance  .005 


20 
27.0 
(25.6) 


22 
29.7 
(37,9) 


32 
43.2 
(44.7) 


74 


Systemmatic  Approach 


Total 


0 

5 

4 

20 

25.0 

25.0 

30.0 

20.0 

27.0 

71.4 

52.5 

28.6 

10.5 

(22.8) 

A  Q 
O .  O 

h  ft 
0.0 

8  1 

5  4 

l 

2 

8 

11 

LL 

4.5 

9.1 

36.4 

50  0 

29 .7 

14.3 

25.0 

38.1 

28.9 

(38.4) 

1.4 

2.7 

10.8 

14.9 

1 

1 

7 

23 

32 

3.1 

3.1 

21.9 

71.9  ' 

43.2 

„  14.3 

12.5 

33.3 

60.5 

(46.1) 

1.4 

1.4 

9.5 

31.1 

n 

/ 

8 

21 

1  38 

74 

9.5 

10-.  8 

28.4 

'  51.4 

100.0 

KW  Chi  Square 

17.25 

df  6 
Significance  .0002 


Table  166 


Interview  Data  Analyses :  Moles  -  Total 
High,  Middle  or  Low  Success  on  Tests 


Arithmetic  Approach 


T 


T 


7 

35.0 
30.4 
9.5 


6 

30.0 
60.0 
8.1 


5 

25.0 
27.8 
6.8 


2 

10.0 
8.7 
2.7 


Total 


20 
27.0 
(29.7) 


8 

40.0 
15.4 
10.8 


Nonsystemmatic  Approach 


7 

35.0 
53.8 
9.5 


3 

15.0 
50.0 
4.1 


2 

10.0 
66.7 
2.7 


Total 


9 

40.9 
39.1 

u'.z 


9.1 
20.0 
2.7 


5 

22.7 
2/. 8 
6.8 


6 

27.3 
26.1 
8.1 


22 
29.7 
(34.3) 


16 
72.7 
30.8 
21.6 


4 

18.2 
30.8 
5.4 


2 

9.1 
33.3 
2.7 


0 
0 
0 
0 


22 


7 

21,9 
30.4 
9.5 

23 
31.1 


,6.3 
20.0 
2.7 

10 
13.5 


8 

25.0 
44.4 
10.8 

18 

24.3 


KW  Chi  Square 
df 

Significance 


15 
46.9 
65.2 
20.3 

23 
31.1 

7.12 
6 
.03 


32 
43.2 
(44.6) 


74 
100.0 


28 
87.5 
53.8 
37.8 

52 
70.3 


2 

6.3 
15.4 
2.7 

13 
17.6 


1 

3.1 
16.7 
1.4 

6 

8.1 


KW  Chi  Square 
df 

Significance 


1 

3.1 
33.3 
1.4 

3 

4.1 

12.80 
6 

.002 


32 
43.2 
(31.3) 


74 
100.0 


3  hi 


Table  167 


Interview  Data  Analyses :  Moles  -  Total 
High,  Middle  or  Low  Success  on  Tests 


ouccess  on 

No  Answer  Given 
 1  n   7. 

Total 

Algorithmic  Reasoning  Strategy 

Total 

Tests 

Low 

0 

14 
70.0 

">  7  i 

18.9 

2 

10.0 
28.6 

?  7 
L.  1 

2 

10.0 
100.0 

?  7 

2 

10.0 
100.0 

2  7 

20 
27.0 
(43.6) 

17 
85.0 
37.8 
23.0 

2 

10.0 
25.0 
2.7 

1 

5.0 
10.0 
1.4 

0 
0 
0 

.  0 

20 
27.0 
(27.4) 

-  Middle 

10 

81.8 

28.6 
24.3 

4 

18.2 
57.1 
5.4 

0 
0 
0 
0 

0 
0 
0 
0 

22 
29.7 
(38.4) 

16 
72.7 
35.6 
21.6 

2 

9.1 
25.0 
2.7 

3 

13.6 
30.0 
4.1 

1 

4.5 
9.1 
1.4 

22 
29.7 
(32.3) 

High 

31 
96.9 
49.2 
41.9 

1 

3.1 
14.3 
1.4 

0 
0 
0 
0 

0 
0 
0 
0 

32 
43.2 
(33.1) 

12 
37.5 
26.7 
16.2 

4 

12.5 
50.0 
3.4 

6 

18.8 
60.0 
8.1 

10 
31.3 
90.9 
13.5 

32 
4.3.2 
(47.3) 

Total 

63 
85.1 

7 

9.5 

2 

2.7 

2 

2.7 

74 
100.0 

45 
60.8 

8 

10.8 

10 
13.5 

11 
14.9 

74 
100.0 

KW  Chi  Square  7.82 
df  6 
Significance  .02 


KW  Chi  Square  16.09 

df  6 
Significance  .0003 


ERIC 


31 


Table  168 


Interview  Data  Analyses;   Moles  -  Total 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 

Use  of  Random  Trial  and  Error 

 A  

0 

1 

i 

7 

j 

Total 

0 

8 

7 

3 

2 

20 

A 

40.0 

35.0 

15.0 

10.0 

27.0 

20.0 

Low 

15.7 

50.0 

bO  .0 

Qn  n 
jU  .u 

(48.3) 

12.9 

10.8 

9.5 

4.1 

2.7 

5.4 

15 

5 

i 

u 

22 

7 

68.2 

22.7 

9.1 

0 

29.7 

31.8 

Middle 

29.4 

35.7 

40.0 

0 

(o/.2) 

LL  .  O 

20.3 

6.8 

2.7 

0 

n  c 
y .  b 

28 

2 

0 

32 

20 

8". 5  - 

6.3 

0 

0.3 

43.2 

62.5 

High 

54.9 
3". 8 

14.3 
2.7 

0 
0 

50.0 
2.7 

(30.9) 

64.5 
27.0 

Total 

51 

14 

5 

4 

74 

31 

6S.9 

18.9 

6.8 

5.4 

100.0 

41.9 

Square 

12.10 

df 

6 

Comments  About  Solution 
—2  3  4 


3  Total 


15.0 
15.8 
4.1 

7 

31.8 
36.8 
9.5 

9 

28.1 
47.4 
12.2 

19 
25.7 


4 

20.0 
50.0 
5.4 

3 

13.6 
37.5 
4.1 

1 

3.1 
12.5 
1.4 

8 

10.8 


7  2 

35.0  10.0 

53.8  100.0 

9.5  2.7 


4 

18.2 
30.8 
5.4 

2 

6.3 
15.4 
2.7 

13 
17.6 


0 
0 
0 
0 


Significance 


.002 


KW  Chi  Square 
df 

Significance 


16.32 
10 
.0003 


20 
27.0 
(50.3) 


0 

1 

22 

0 

4.5 

29.7 

0 

100.0 

(40.8) 

0 

1.4 

0 

0 

32 

0 

0 

43.2 

0 

0 

(27.3) 

0 

0 

2 

1 

74 

7 

1.4 

100.0 

9 


319 


3!^ 


ts) 


Tabic  169 


Interview  Data  Analyses :  Moles  -  Total 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 


Low- 
Middle 

High 
Total 


0 


Problems  Correct 
1  2  ~T 


Total 


12 
60.0 
44.4 
16.2 

9 

40.9 
33.3 
12.2 

6 

18.8 
22.2 
8.1 

27 
36.5 


5 

25.0 
31.3 
6.8 

6 

27.3 
37.5 
8.1 

5 

15.6 
31.3 
6.8 

16 
21.6 


3 

15.0 
13.0 
4.1 

6 

27.3 
26.1 
8.1 

14 
43.8 
60.9 
18.9 

23 
31.1 


0 
0 
0 
0 

1 

4.5 
12.5 
1.4 

7 

21.9 
87.5 
9.5 

8 

10.8 


20 
27.0 
(25.5) 


22 
29.7 
(33.6) 


32 
43.2 
(47.7) 


74 
100.0 


2 

10. 0 
50.0 
2.7 

0 
0 
0 
0 

2" 
6.3 
50.0 
2.7 

4 


Questions  Correct 


Total 


6 

30.0 
85.7 
8.1 

0 
0 
0 
0 

1 

3.1 
14.3 
1.4 

7 

9.5 


6 

30.0 
50.0 
8.1 

4 

18.2 
33.3 
5.4 

2 

6.3 
16.7 
2.7 

12 
16.2 


4 

20.0 
23.5 
5.4 

7 

31.8 
41.2 
9.5 

6 

18.8 
35.3 
8.1 

17 
23.0 


2 

10.0 
5.9 
2.7 

11 
50.0 
32.4 
14.9 

21 
65.6 
61.8 
28.4 

34 
45.9 


KW  Chi  Square  15.44 
df  6 
Significance  .0004 


KW  Chi  Square  20.68 
df  8 
Significance  <.0001 


20 
27.0 
,20.0) 


22 
29.7 
(42.1) 


32 
43.2 
(45.2) 


74 
100.0 


3cU 


Success  on 
Tests 


Low 

Middle 

High 
Total 


Table  170 

Interview  Data  Analyses:  Moles  -  Total 
High,  Middle  or  Low  Success  on  Tests 


Questions  Correct  Without  Prompting 
" — 2  ?        4   b 


Total 


1 

2 

10 

3 

3 

1 

0 

20 

5.0 

10.0 

51).  U 

1  r  n 
10.  U 

0  •  u 

0 

27.0 

en  n 

62  5 

23.1 

21.4 

5.6 

0 

(22.4) 

1.4 

2.7 

13.5 

4.1 

4.1 

1.4 

0 

1 

0 

5 

8 

4 

4 

0 

22 

4.5 

0 

22.7 

36.4 

18.2 

18.2 

0 

29.7 

33.3 

•  0 

31.3 

61.5 

78.6 

22.2 

0 

(33.3) 

1.4 

0 

-  6.8 

10.8 

5.4 

,  5.4 

0 

1 

2 

1 

2 

7 

13 

6 

32 

3.1 

6.3 

3.1 

6.3 

21.9 

40.6 

18.8 

43.2 

33.3 

50.0 

6.3 

15.4 

50.0 

72.2 

100.0 

(49.9) 

1.4 

2.7 

1.4 

2.7 

9.5 

17.6 

8.1 

3 

4 

16 

13 

14 

>  18 

6 

74 

4.1 

5J.4 

21.6 

17.6 

18.9 

24.3 

8.1 

100.0 

KW  Chi  Square  22.11 
df  12 
Significance  <  .0001 


32i 


p 


Table  171 


Interview  Data  Analyses:    Gas  Laws  -  Problem  1 
High,  Middle  or  Low  Success  on  Tests 


Success  on  Algorithmic  Reasoning  Strategy 

Tests  ~D  1  'i'ctaT 


Low 

Middle 

High 
Total 


15 

4 

IS 

7ft  Q 

21  1 

29.7 

15.4 

23.4 

6.3 

lb 

9 

25 

64.0 

36.0 

39.1 

42.1 

34.6 

25.0 

14.1 

7 

15 

20 

5^.0 

05.0 

31.3 

18.4 

50.0 

10.9 

20.0 

38 

20 

64 

59.4 

40.0 

100.0 

Chi  Square  8.17 

df  2 

V  .36 

Significance  .02 


ERIC 


32Z 


Table  172 

Interview  Data  Analyses :    Gas  Laws  -  Problem  2 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 

Al£orithmic  Reasoning  Strategy 

Executive  Errors 

0 

1 

Total 

0 

1 

2 

Total 

il 

o 
0 

14 

A 

1 

19 

d?  1 

2Q  7 

73  7 

21.1 

5.3 

29.7 

Lou 

30.6 

28.6 

27.5 

33.3 

100.0 

(33.1) 

,17.2 

12.5  • 

21.9 

6.3 

1.6 

19 

6 

25  ' 

21 

4 

0 

25 

70.0 

24.0 

39.1 

84.0 

16.0 

0 

39.1 

Middle 

52  8 

21.4 

41.2 

33.3 

0 

(37.1) 

29.7 

9.4 

32.8 

6.3 

0 

6 

14 

2') 

16 

4 

0 

20 

5U.0 

70.0 

31.3 

80.0 

20.0 

0  . 

31.3 

High 

lb. 7 

50.0 

31.4 

33.3 

0 

(26.2) 

9.4 

21.9 

25.0 

6.3 

0 

Total 

36 

28 

t>4 

51 

12 

1 

64 

56.3 

43.8 

100.0 

79.7 

18.8 

1.6 

100.0 

Chi  Square 

9.58 

KW  Chi  Square  6.10 

df  2 
V  .39 
Significance  .008 


Significance  .05 


X2  • 


ERIC 


Success  on 
Tests 


Low 

Middle 

High 
Total 


Table  173 

Interview  Data  Analyses :    Gas  Laws  -  Problem 
High,  Middle  or  Low  Success  on  Tests 


/ 


Algorithmic  Reasoning  Strategy 
0  1  Total 


18 
94.7 
34.6 
28.1 

24 
96.0 
46.2 
37.5 

10 
50.0 
19.2 
15.6 

52 
81.3 


1 

5.3 
8.3 
1.6 

1 

4.0 
8.3 
1.6 

10 
50.0 
83.3 
15.6 

12 
18.8 


Chi  Square 


19 
29.7 


25 
39 .1 


20 
51.3 


04 
100.0 


0 


9 

47.4 
34.6 
14.1 

13 
52.0 
50. 0 
20.3 

4 

20.0 
15.4 
6.3 

26 
40.6 


0 
0 
0 

0 

1 

4.0 
100.0 
1.6 

0 
0 

.  0 
0 

1 

1.6 


Structural  Error  2 


U  Total 


1 

5.3 
11.1 
1.6 

0 
0 
0 
0 


40.0 


88 
12 


14 


0 
0 
0 
0 

1 

4.0 
100.0 
1.6 

0 
0 
0 
0 

1 

1.6 


Significance  .0001 


Chi  Square 

df 

V 

Significance 


4 

1 

1 

3 

iy 

21  1 

5.3 

5.3 

15.8 

27.7 

30.8 

16.7 

33.3 

60.0 

6.3 

1.6 

1 .6 

A  7 

5 

1 

2 

2 

25 

20.0 

4.0 

8.0 

8.0 

39.1 

38.5 

16.7 

66.7 

40.0 

7.8 

1.6 

3.1 

3.1 

4 

4 

0 

0 

20 

20.0 

20.0 

0 

0 

31.3 

30.3 

66.7 

0 

0 

6.3 

6.3 

0 

0 

13 

6 

3 

5 

64 

20.3 

9.4 

4.7 

7.8 

100.0 

28 

.53 

14 

.47 

.01 

ERIC 
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3-5 


/  . 


Success  cm 
Tests 


Low 

Middle 

High 
Total 


Table  174 

Interview  Data  Analyses :    Gas  Laws  -  Total 
Higft,  Middle  or  Low  Suteess  on  Tests 


Systenroatic  Approach^ 


Total 


3 

2 

9 

5 

19 

.11 

15.8 

10.5 

47.4 

26.3 

29.7 

57.9 

75.0 

50.0 

26.5 

LL  .  / 

(11  7\ 

V\  1 

4.7 

3.1 

14.1 

7.8 

17.2 

1 

2 

16  ' 

25 

16 

4.0 

8.0 

64.0 

oy  •  x 

64  0 

25.0 

5Q.0 

47.1 

27.3 

(29.8) 

53.3 

1.6 

3.1 

25.0 

9.4 

25.0 

0 

0 

9 

11 

20 

3 

0 

0 

45.0 

55.0 

31.3 

15.0 

0 

0 

26.5 

50.0 

(40.9) 

10.0 

.0 

0 

14.1 

17.2 

4.7 

4 

4 

34 

">  *> 

4. 

64 

30 

b.3 

6.3 

53.1 

34.4 

100.0 

46.9 

KW  Chi  Square 

7.57 

df 

6 

Algorithmic  Reasoning  Strategy 
1  2  3 


3 

15.8 
30.0 
4.7 

3 

12.0 
30.0 
4.7 

4 

20.0 
40.0 
6.3 

10 
15.6 


5 

26.3 
31.3 
7.8 

5 

20.0 
31.3 
7.8 

6 

30.0 
37.5 
9.4 

16 
25.0 


Significance 


.02 


KW  Chi  Square 
df 

Significance 


4 

12 
1 


0 
0 
0 
0 

1 

.0 
.5 
.6 


7 

35.0" 
87.5 
10.9 

8 

12.5 


15.37 
6 

.0005 


Total 


19 
29.7 
(27. 3)^ 


25 
39.1 
(26.3) 


20 
31.3 
(45.1) 


'  64 
100.0 


(  32*> 


ERIC 


32' 


Table  175 


Interview  Data  Analyses :    Gas  Laws  -  Total 
High,  Middle  ot  Low  Success  on  Tests 


Problems  Correct  

 2  1  ~  Total 


2 

2 

0 

19 

1U .  b 

in  £ 

n 

29.7 

11  1 

1ft  7 

AO  ♦  / 

n 

(27.9) 

3.1 

3.1  * 

0  » 

12 

\ 

0' 

2S 

48.0 

16.0 

0 

'  39.1 

"  66.7 

33.3 

0 

(32.2) 

18.8 

6.3 

0 

4 

6 

2 

20 

20.0 

30 .0 

10.0 

31.3 

22.2 

50'0 

100.0 

(37.3) 

*  6.3 

'    9  .'4  ^ 

■ 

3.1 

18 

12  ~ 

2 

64 

28.1 

18.8 

3.1  - 

100.0 

KW  Chi'  Square  8.14 
df  6 
Significance.  .02 


\t  ,323 


Table  176 


Interview  Data  Analyses:    Stbichiometry  -  Problem  1 
High,  Middle  or  Low  Success  on  Tests 


Use  of 

Success  on       .Mnemonic  Notation 
Tests  ~S  I  Total 


Systematic  Approach 
0  T  Total 


Arithmetic  Approach 
"0  I  Total 


Lew 


9 

42.9 
54.6 

15.6 


12 
57.1 
30.0 
18.2 


21 
31.8 
(32.4). 


8 

38.1 
42.1 
12.1 


13 
61.9 
27.7 
19.7 


21 
31.8 


15 
71.4 
36.6 
22.7 


6 

28.6 
24.0 
9.1 


Middle 


13 
54.2 
50.0 
19.7 


11 
45.8 
27.5 
16.7 


24 
36.4 
(28.6) 


11 
45.8 
57.9 
16.7 


13 
54.2 
27.7 
19.7 


24 
36.4 


18 
75.0 
45.9 
27.3 


6 

25.0 
24.0 
9.1 


High 
Total 


4 

19.0 
15.4 
6.1 

26 
39.-1 


17 
81.0 
42.5 
25.8 

40 
60.6 


21 
31.8 
(40.2) 

^.6 
iOO.O 


0 

,  0 
0 
0 

19 
28.8 


21 
100.0 
44.7 
31.8 

47 
71.2 


21 
31.8 


66 
100.0 


<5 

jS.l 

19.5 
12.1 

41 
b2.1 


13 
61.9 
52.0 
19.7 

25 
37.9 


KW  Chi  Square  5.85 
df  2 
Significance  .05 


Chi  Square  12.78 

df  '  2 

V  .44 

Significance  .002 


Chi  Square 
df 

Y 

Significance 


Table  177 

Interview  Data  Analyses:    Stoichiometry  -  Problem  1 
High,  Middle  or  Low  Success  on  Tests 


Success  oik' 
Tests 

Nonsvstemnatic  Approach 

No  Answer  Given 

Conments  About  Solution 

0 

1 

Total 

0 

1 

Total 

0 

1 

i  ■ 

iotai 

Low 

71.4 
27.3 

28.6 
54.5 

~>  i 
31.8 

19 
90.5 
32.8 
28.8 

9.5  . 
25.0 
3.0 

21 
51.8 

7 

35.5 
21.2 
10.6 

14 

•  66.7 
45.2 
21.2 

0 
0 
0 
0 

21 
51.8 
(58.3) 

Middle 

19 
79.2 
34.5 
28.8 

5 

20.8 
45.5 
7.6 

24  - 
36.4 

18 
75.0 
31.0 
27.3 

6 

25.0 
75.0 

9.1 

r 

24 
56.4 

'  8 
55.5 
24.2 
12.1 

14 
58.5 
45.2  • 
21.2 

2 

8.5 
100.0 
5.0 

24 
36.4 
(59.7) 

High 

21 
100.0 
38.2 
31.8 

0  ' 
0 
0 
0 

21 
31.8 

21 
100.0 
36.2 
51.8 

0 
0 
0 
0 

21 
31.8 

18 
85.7 
54.5 
27.5 

5 

14.5 
9.7 
4.5 

0 
0 
0 

0 

21 
51.8 
(21.6) 

Tctal 

55 
83.3 

11 
16.7.- 

66 
100.0 

58 
87.9 

8 

12.1 

66 
100.0- 

55 
•  50.0 

51 
47.0 

2 

5.0 

66 
100.0 

Chi  Square 
df 

V 

Significance 

6.64 

.32 
.04 

Chi  Square 

df 

V 

Significance 

6.77 

2 

.32 
.03 

KW  Chi  Square 
df 

Significance 

15.49 
4 

.0004 

r 


33m 


ro 
oo 
o 
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Table  178 


Interview  Data  Analyses :    Stoichicmetiy  -  Problem  1 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 


Law 

Middle 

High 
Total 


Strategy 

Structural  Error  -  2 

0 

1 

Total 

U 

1 

3 

Total 

18 

3 

21 

1 

11 

0 

9 

21 

85.7 

14.3 

31.8 

4.8 

52.4 

0 

42. 9 

31.8 

38.3 

15.8 

11  1 
11.1 

34.4 

0 

42.9 

27.3 

4.5 

1.5 

0 

15.6 

2i 

3  . 

24 

0 

0 

3 

6 

24 

87.5 

12.5 

36.4 

11  i 

29. 2/ 

»12.5 

25.0 

JO.  H 

44.7 

•  15.8 

88-.  9 

2179 

75.0 

28.6 

> 

31.8 

4.5 

12.1 

10.6 

4.5 

9.1 

8 

13 

21 

0 

'  14 

1 

6 

21 

38.1 

61.9 

31.8 

0 

66.7 

4.8 

28.6 

31.8 

17.0 

68.4 

0 

43.8 

25.0 

28.6 

12.1 

19.7  v 

'J 

21.2 

1.5 

9.1 

47 

19 

66 

9 

•  32 

4 

21 

6b 

71.2 

28.8 

r 

100.0 

13.6 

48.5 

6.1 

31.8 

100.0 

Chi  Square 

16.49 

Chi  Square 

18.45 

df 

2- 

df 

6 

V 

.50 

V 

.37 

Significance 

.0003 

Significance 

.005 

ERIC 
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Table  179 


Interview  Data  Analyses :    Stoichiometry  -  Problem  2 
High,  Middle  or  Low  Success  on  Tests 


Success  on 


Tests 

0 

1 

Total 

8 

13 

21 

38.1 

61.9 

31.8 

Low 

40.0 

28.3 

12.1 

19.7 

11 

13 

24 

45.8 

54.2 

36.4 

Middle 

$5.0 

28.3 

16.7 

19.7 

1 

20 

21 

4.8 

95.2 

I  31.8 

High 

*  5.0 

43.5 

1.5 

30.3 

Total 

20 

40 

66 

30.3 

69.7 

100.0 

Chi  Square 

9.83 

df 

2 

V 

.38 

Arithmetic  Approach 
0  1"  Total 


17 
81.0 
35.4 
25.8 

20 
83.3 
41.7 
30.3 

11 

52.4 
22.9 
16.7 

48 
72.7 


4 

19.0 
22.2 
6.1 

4 

16.7 
22.2 
6.1 

10 
47.6 
55.6 
15.2 


21 
31.8 


24 


36. 


21 
31.8 


18  66 
27.3  10C.0 


Significance  .007 


Chi  Square  6.46 

df  2 

V  .31 

Significance  .04 


Nonsystemraatic  Approach 
~7J   T  Total 


17 
81.0 
30.9  • 
25.8 

17 
70.8 
30.9 
25.8 

21 
100.0 
38.2 
31.8 

55 
83.3 


4 

19.0 
30.4 
.  6.1 

7 

29.2 
63.6 
10.6 

0 
0 
0 
0 

11 
,16.7 


Chi  Square 

df 

V 

Significance 


21 
31.8 


24 
36.4 


21 
31.8 


66 
100.0 

6.99 
2 

.32 
.03 


333 


Table  180 


Interview  Data  Analyses :    Stoichiometry  -  Problem  2 
High ,  Middle  or  Low  Success  on  Tests 


Algorithmic  Reasoning 


Success  on 
Tests 

Strategy 

u 

1 

lotai 

18 

3 

21 

QH  7 
OD  •  / 

^1  ft 

Low* 

39.1 

15.0 

27.3 

-4.5 

21 

3 

OA 

87.5 

12.5 

oo.4 

Middle 

45.7 

15.0 

31.8 

4.5 

7 

14 

■  21 

33,3 

66.7 

31.8 

High 

15.2 

70.0 

10.6 

21.2 

Total 

46 

20 

66 

69.7 

30.5 

100.0 

Chi  Square 

19.30 

df 

2 

Phi 

.54 

Significance 

.0001 

Caiments  About  Solution 


IF 

1 

2 

Total 

1*5 

j  ft 

o 

21 

'61  9 

•jo  •  x 

n 

31.8 

37.1 

27.6 

0 

130.2) 

19.7 

12.1 

0 

7 

*  16 

1 

24 

29.2 

66  .X 

4i2 

36.4 

*  20.0 

$5.2  \ 

50.0 

(41.3) 

10. 6 

•24.2  \ 

1.5 

15 

\  i 

21 

71.4 

25.8 

\  4.8 

31.8 

42.9 

17.2 

\50.0 

(27.9) 

22.7 

7.6 

\1.5 

35 

29 

\  2 

66 

55.0 

43.9 

3\0 

100.0 

KW  Chi  Square 
df 

Significance 


33  i 


ERIC 


Table  181 


Interview  Data  Analyses :    StoicMometry  -  Problem  2 
High,  Middle  or  Low, Success  on  Tests 


Success  on  Structural  Error  -  2 


Tests 

u 

 i — 

7 
i 

Tn -frill 

5 

6 

5 

5 

21 

23.8 

28.6 

23.8 

23.  o 

7 1  O 

38.5 

26.1 

41.7 

27.8 

7.6 

9.1 

7.0 

7.6 

7  . 

4 

4 

9 

24 

29.2 

16.7 

16.7 

37.5 

36.4 

Middle ' 

£7  ft 
DO.  O 

17.4 

33.3 

10.6 

6.1 

6.1- 

13.6 

1 

t 

13 

3 

4 

21 

4.8 

61.9 

14.3 

19.0 

31.8 

High 

7.7 

56.5 

25.0 

22.2 

1.5 

19.7 

4.5 

6.1 

,  Total 

13 

23 

12 

18 

66 

19.7 

34.8 

18.2 

27.3 

100.0 

Chi  Square 

12.68 

df 

6 

V 

.31 

Significance 

.05 

Table  182 

Interview  Data  Analyses:    Stoichiometry  -  Problem  3 
High,  Middle  or  Low  Success  on  Tests 


Algorithmic  Reasoning 

Success  on  Strategy  Executive  Errors   Structural  Error  -  3 


1 

Total 

o 

1 

Total 

0 

1 

'  2 

3 

Total' 

20 

1 

21 

21 

0 

21 

12 

2 

4 

21 

95.2 

4.8 

31.8 

1U0.0 

0 

31.8 

57.1 

9.5 

T4.3 

19.0 

31.8 

LAJn 

35  7 

10  0 

34  4 

n 

31.6 

18  2 

ID  •  «* 

30.0 

57.1 

30.5 

1.5 

31.8 

0 

18.2 

3.0 

4.5 

6.1 

* 

23 

1 

1  24 

24 

0 

24 

17 

1 

5 

1 

24 

95.8 

4.2 

100.0 

0 

36.4 

7n  r 

4.2 

20.8 

A  7 

^6  4 

Mi  AA 1 a 

41.1 

10.0 

39.3 

0 

44  7 

9.1 

50.0 

14  3 

34.8 

1.5  ' 

36.4 

0 

25.8 

1.5 

.  7.6 

1.5 

13 

3 

21 

16 

5 

21 

9 

8 

2 

2 

21 

61.9 

38.1 

31.8 

76.2 

23  •  8 

31.8 

42.9 

38.1 

,  9.5 

9.5 

31.8 

High 

23.2 

80.0  ' 

26.2 

100.0 

23.7 

72.7 

20.0 

28.6 

19.7 

12.1 

24.2 

7.6 

13.6 

12.1 

3.0 

3.0 

Total 

56 

10 

66 

61 

5 

66 

38 

11 

10 

7 

66 

84.8 

15.2 

100.0 

92.4 

7.6 

100.0 

57.6 

16.7 

15.2  ' 

10.6 

100.0 

Chi  Square 

12.61 

KW  Chi  Square  11.42 

Chi  Square 

13.54 

df 

2 

df 

2 

df 

6 

V 

.44 

Significance 

.003 

V 

.32 

Significance 

.002 

Significance 

.04 

333 


ERIC 
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Table  183 

Interview  Data  Analyses :    Stoichiometry  -  Total 
High,  Middle  or  Low  Success  on  Tests 


Success  on 

Systemnatic  Approach 

Total" 

0 

Arithmetic  Approach 
1         2  ^  3 

Total 

Tests 
Low 

0 

6 

28.6 
40.0 
9.1 

i        -  i. 

3  4 
14.3  19.0 
37.5  33.3 
4.5  6.1 

8 

38.1 
25.8 
12.1 

21 
31.8 
(30.1) 

14 
60.7 
'  35.9 
21.2 

3 

14.3 
4.5 

1 

4.8 

w  \ 
jj  •  j 

1.5 

3 

14.3 
71  4 
4.5 

21 
31.8 
(30.6) 

Middle 

9 

37.5 
00.0 
13.6 

4  2 
16.7  8.3 
50.0  16.7 
6.1  30 

9 

37.5 
29.0 
13.6 

24 
30.4 
(27.8) 

17 
70.8 
43.6 
25.8 

4 

16.7 
40.0 
6.1 

0 
0 
0 
0 

3 

1  7  5 
i.L  .  J 

21.4 
4.5 

24 
36.4 
(29.0) 

High 

0 

,  0 
0 
0 

1  6 
4.8  28.6 
12.5  50.0 
1.5  9.1 

14 
60.7 
45.2 
21.2 

21 
31.8 
(43.4) 

8 

38.1 
20.5 
12.1 

3 

14.3 
30.0 
4.5 

2 

9.5 
06.7 
3.0 

8 

38.1 
57.1 
12.1 

21 
31.8 
(41.5) 

Total 

15 
22.7 

8  12 
12.1  18.2 

31 
47.0 

06 
100.0 

39 
59.1 

10 
15.2 

3  ' 
4.5 

14' 
21.2 

66 
100.0 

KW  Chi  Square 
df 

Significance 

9.44 
6 

.009 

KW  Chi  Square 
df 

Significance 

6.95 
6 
.03 

* 

337 


Table  184 


Interview  Data  Analyses:    Stoichiometry  -  Total 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 


Nonsystenmatic  Approach  

 T"^ — 2   3  TotaT 


14  . 

3 

1 

3 

Zl 

66.7 

14.3 

4.8 

14.3 

31.8 

Low 

29.8  . 

30.0 

25.0 

60.0 

(35.5) 

21.2 

4.5 

1.5 

4.5 

14 

5 

3 

2 

24 

V 

58.5 

20.8 

12.5 

8.3 

36.4 

Middle 

29.8 

50.0 

75.0 

40.0 

(37.7) 

21.2 

.  7.6 

4.5 

3.0 

19 

2 

0 

0 

21 

90.5 

9.5 

0 

0 

31.8 

High 

40.4 

20.0 

0 

0 

(26.7) 

28,8 

3.0 

0 

0 

Total 

47 

10 

4 

5 

66 

71.2 

15.2 

6.1 

7.6 

100.0 

KW  Chi  Square  6.30 
df  6 
Significance  .04 


Algorithmic  Reasoning  Strategy 
— *T:  TT^     3  Total 


18 
85.7 
40.0 
27.3 

21 
87.5 
46.7 
31.8 

6 

28.6 
13.3 
9.1 

45 
68.2 


0 
0 
0 
0 

0 
0 
0 
0 

3 

14.3 
100.0 
4.5 

3 

4.5 


2 

9.5 
25.0 
'  3.0 

2 

8.3 
'25.0 
3.0 

'  4 
19.0 
50.0 

6.1 

8 

12.1 


J 


KW  Chi  Square 
df 

^Significance 


1 

4.8 
10.0 
1.5 

1 

4.2 
10.0 
1.5 

8 

38.1 
80.0 
12.1 

10 
15.2 

2K55 
6 

<.0001 


Table  185 


Interview  i.»ata  Analyses:    Stoichiometiy  -  Total 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 


Coninents  About  Solution 


Low 


T 


1  Total 


21 


KW  Chi  Square  14.13 
df  9  8 
Significance  .0009 


19 


Executive  Errors 
 7  3    1  Total 


0 


14.3 

28.0 

33.3 

23  •  8 

0 

31.8 

90.5 

9.5 

0 

25/0 

30.0 

58.3 

23.8 

0 

(33.3) 

34.5 

25.0 

0 

4.5 

9.1 

10.6 

7.0 

0 

28.8 

3.0 

.  0 

3 

4 

1 

15 

1 

24 

23 

1 

0 

12.5 

16.7 

4.2 

62.5 

4.2 

36.4 

95.8 

4.2 

0 

25.0 

20.0 

8.3 

71.4 

100.0 

(43.3) 

41.8 

12.5 

0 

4.S 

6.1 

1.5 

22.7 

1.5 

34.8 

1.5 

0 

6 

10 

4 

1 

0 

21 

13 

5 

2 

28.0 

47.6 

19.0 

4.8 

0 

31.8 

61.9 

23.8 

9.5 

50.0 

50.0 

33.3 

4.8 

0 

(22.5) 

23.6 

62.5 

100.0 

9.1 

15.2 

6.1 

1.5 

0 

19.7 

"7.6 

3.0 

\  12 

20 

12 

21 

1 

66 

55 

8 

2 

18.2 

30.3 

18.2 

31,8 

1.5 

100.0 

85.3 

12.1 

3.0 

KW  Chi  Square 
df 

Significance 


0 
0 
0 
0 

0 
0 
0 
0 

1 

4.8 
100.0 
1.5 

1 

1.5  / 
10.78 

.005: 


21 
31.8 
(31.0) 


\  24 
36.4 
(29.3) 


.21 
3118 
£40i  8) 


66. 
100.0 


ERJC 


33, 


• 

■ 

< 

* 

Table  186 

- 

Interview  Dita  Analyses:    Stoichiometry  -  Total  • 
High,  Middle  or  ftw  Success  on  Tests" 

.  *  • 

Success  on 

Problems  Correct 

Questions 

Correct 

Tests 

0 

1 

2 

3     •  Total 

0 

-2. 

Total 

n 

Low 

13 
61.9 
32.5 
19.7 

7 

33.3 

A  1  Q 

10.6 

0 

v  0 
u 
0 

1     ^    21  • 
4.8  31.8 

1.5                     *  - 

6 

28.6 
60.0 
9.1 

5 

23.8 
31.3 
7.6 

10 
47.6 
25.0 
15.2 

21 
31.8 
(28.1) 

Middle 

20 
83.3 
50.0 
30.3 

2 

8.3 
12.5 
3.0 

2 

8.3 
33.3 
3.0 

0      *  24 
0  36.4 
0  (26.1) 
0 

4 

16.7 
40.0 
6.1 

8 

33.3 
50. a 
12.1 

12 
50.0 
30.0 
18.2 

24 
36.4 
(30.3) 

High 

7 

33.3 
17.5 
10.6 

7 

33.3 
43.8 
Hh£ 

4 

19.0 
66.7 
6.1 

3         '  21 
14.3  31:8 
'  75.0  (43.5) 
4.5 

0 
0 
0 

0. 

3 

14.3 
18.8 
4.5 

18 
85.7 
45.0 
27.3 

* 

21 
31.8 
(42.5) 

o 

Total 

40 

60.6. 

16 
24.2 

6 

9.1 

4        '  66 
6.1  100.0 

i 

10 
15.2 

16 
24.2 

40 

-  60.6 

66- 
100.0 

KW  Chi  Square 

df  ' 

Significance 

•12.43 
b 

.002 

KW  Chi  Square  '' 
df 

Significance 

9.11 
4 
.01 

-  *  =                                                                                                                                                  ■          .  •  ^ 

t 

3u  y 

ER?C 


Table  187 

Interview  Data  Analyses :    Stoichiometry  -  Total 
High, Middle  or  Low  Success  on  Tests 


Ques-tions  Correct  Without  Prompting 
"IT1  1  •     2  — 3  4  TStaT 


2            5  5  4  5  21 

9.5        23.8  '  23.8  19.0  23.8  31.8 

50.0        50.0  26.3  16.0  62.5  (31.9) 

3.0  7.6  7.6  6.1  7.6 

1,4  11  "8  0  24 

4.2        16.7  45.8  33.3  0  36.4 

25.0        40.0  57.9  32.0'  0  (28.0) 

1.5         6.1  16.7  12.1  0 

1             1  3  '    13  3  21 

4;8         4.8  *  14.3  61.9  14.3  31.8 

25.0        10.0  15.8.  '  52.0  37.5  (41.4) 

1.5         1.5  4.5  19.7  4.5 

« 

4           10  19  25  8  66 

6.1  15.2  28.8  '37.9  12.1  100.0 

KW  Chi  Square  6.19 

df  8 

Significance  .05  w 


/ 
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Table  188 

Interview  Data  Analyses:   Molarity  -  Problem  2 
High,  Middle  or  Low  Success  on  Tests 

Use  of  Random 


Trial  and  Error 


0 

1 

Total 

13 

2 

15 

8b.  7 

13.3 

28.3 

22.2 

23.6 

3.6 

17 

7 

24 

70.8 

29.2 

43.6 

37.0 

77.8 

30.9 

12.7 

16 

0 

16 

100.0 

*  0 

29.1 

34.8 

0 

29.1 

0 

46 

9 

55 

83.6 

16.4 

100.0 

Chi  Square 

t.ll 

df 

2 

V 

.33 

Significance 

.05 

V 


Table  189 


Interview  Data  Analyses:    Molarity  -  Problem  3 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 

Arithmetic  Approach 

Nonsystemmat ic 

Approach 

0 

1 

lotai 

n 
u 

Total 

9 

6 

15 

14 

1 

15 

60.0 

40.0 

27.3 

93.3 

6.7 

27.3 

Low 

25.0 

31.6 

">Q  ? 

id  ^ 

AH  •  <J 

io.4 

in  o 

iu  .y 

L  3  •  u 

1  8 

20 

4 

24 

18 

6 

24 

83.3 

16.7 

43.6 

75.0 

25.0 

43.6 

Middle 

.  55.6 

21.1 

37.5 

85.7 

36.4 

7.3 

32.7 

10.9 

-  J7 

9 

16 

16 

0 

16 

43.8 

56.3 

29.1 

100.0 

0 

29.1 

High 

19.4 

47.4 

33.3 

0 

12.7 

16.4  ' 

29.1 

0 

Total 

36 

19 

55 

48 

7 

55 

65.5 

34.5 

100.0 

87.3 

'  12.7 

100.0 

Chi  Square  6.92 

a:  ? 

V  .35 

Fignificance  .03 


Chi  Square 
df 

Significance 


6.08 

2 

.33 
.05 


Algorthmic  Reasoning 

Strategy  

"H5  1  TotaT 


11 

73.3 
26.2 
20.0 

>  23 
95.8 
54.8 
41.8 

8 

50.0 
19.0 
14.5 

42 
76.4 


4 

26.7 
30.8 

■  7.3 

1 

4.2 
7.7 
1.8 

8 

50.0 
61.5 
14.5 

13 
23.6 


Chi  Square 

df 

V 

Significance 


15 

27.3 


24 
43.6 


16 
29.1 


55 
100.0 

11.28 

2 

.45 
.004 


9 

ERIC 
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Table  190 


Interview  Data  Analyses:   Molarity  -  Problem  3 
High,  Middle  or  Low  Success  on  Tests 


Success  on 
Tests 

Structural  Error 

-  2 

Structural  Error 

-  3 

0 

1 

2 

 m 

3 

* 

<* 

iotai 

1 

I 

Total 

Low 

5 

53.3 
31.3 
9.1 

0 
0 
0 
0 

4 

26.7 
30.8 
7.3 

2 

13.3 
18.2 
3.0 

4 

26.7 
80.0 

15 
27.3 

6 

40.0 
20.0 
in  q 

0 
0 
0 
0 

5 

33.3 
62.5 
9.1 

4 

26.7 
28.6 
7.3 

15 

27.3 

Middle 

7  * 
29.2 
43.8 
12.7 

9 

37.5 
90.0 
16.4 

2 

8.3 
15.4 
3.6 

,  5 
ZU .  o 
45.5 
9.1 

1 

A  ? 

20.0 
1.8 

24 

19 

63.3 
34.5 

2 

8.3 
66.7 
3.6 

1 

4.2 
12.5 
1.8 

2 

8.3 
14.3 
3.6 

24 
43.6 

High 

4 

25.0 
25.0 
7.3 

1 

6.3 
-  10.0 
1.8 

7 

43.8 
53.8 
12.7 

4 

25.0 
^36,4 
7.3 

U 
0 
0 
0 

lb 
29.1 

5 

31.3 
16.7 
9.1 

1 

6.3 
33.3 
1.8 

2 

12.5 
25.0 
3.6 

8 

■>n  o 
57.1 
14.5 

16 
29.1 

Total 

lb 
29.1 

10 
18 .1 

13 
23.6 

11 

20.0 

5 

9.1 

55 
100.0 

30 
54.5 

3 

5.5 

8 

14.5 

14 
25.5 

55 

100.0 

Chi  Square 

df 

V 

Significance 

22.00 
8 

.45 
.005 

Gii  Square 

df 

V 

Significance 

18.07 
b 
.40 
.006 

ERIC 
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Table  191 


Success  on 
Tests 


Interview  Data  Analyses :  Molarity  -  Total 
High,  Middle  or  Low  Success  on  Tests 


r 


Nonsystemnatic  Approach 
1    ~        2  3 


Total 


Use  of  Random  Trial  and  Error 
 1  2  I  Total 


9 

5 

1 

0 

15 

9 

5 

1 

0 

6U.0 

33.3 

6.7 

0 

27.3 

60.0 

33.3 

6. 7 

0 

23  7 

45.5 

25.0 

0 

(29.8) 

23.7 

38.5 

50.0 

0 

9.1 

1.8 

o 

16.4 

9.1 

1.8 

0 

14 

5 

3 

2 

24 

14 

7 

1 

2 

58.3 

20.8 

12.5 

8 

.3 

43.6 

58.3 

29.2 

4.2 

8.3 

30.8 

45.5 

75.0 

100 

.0  , 

(31.5) 

36  ..8 

53.8 

50.0' 

100.0 

25.5 

9.1 

5.5 

3 

.b 

25.5 

12.7 

1.8  * 

3.6 

15 

1 

0 

0 

lb 

15 

1 

0 

0 

93.8 

6.3 

0 

0 

29.1 

93.8 

6.3 

0 

0 

39.5 

9.1 

0 

0 

(21.0) 

59.5 

7.7 

0 

0 

27.3 

1.8 

0 

0 

27.3 

1.8 

0 

0 

38 

11 

4 

2 

55 

38 

13 

2 

2 

69.1 

20.0 

7.5 

5 

.6 

100/0 

69.1 

23.6 

3.5 

3.6 

KW  Chi  Square  6 

.61 

KW  Chi  Square 

,6.44 

df  * 

6 

df 

6 

Significance 

.04 

Significance 

.04 

15 

27.3 
(30:2) 


24 
43.6 
(31.2) 


55 
100.0 
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Table  192 


Interview  Data  Analyses :  Molarity  -  Total 
High,  Middle  or  Low  Success  on  Tests 


Problems  Correct 


0 

1 

2 

Total 

12 

U 

7 
J 

n 
u 

1  c 

80.  0 

U 

?n  n 
zu .  u 

n 
u 

27  s 

34.3 

0 

42.9 

0 

(24.6) 

21.8 

0 

5.5 

0 

1  7 
1/ 

0 

24 

70.8 

25.0 

4.2 

0 

43.6 

48.6 

50.0 

14.3 

0 

(25.3) 

30.9 

10.9 

.  1.8 

0 

6 

6 

3 

1 

16 

37.5 

57.5 

18.8 

6.3 

29.1 

17.1 

50.0 

42.9 

100.0 

(35.3^ 

10.9 

10.9 

5.5 

1.8 

35 

12 

7 

-  1 

55 

63.6 

21.8 

12.7 

1.8 

100.0 

KW  Chi  Square  6.46 
df  6 
Significance  .04 
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unsuccessful  students  solving  mole  problems  and  moderately  successful  studen^ 
on  the  molarity  problems. 

V 

Comments t  about  solutions .    Moles,  all  problems  (Tables  159,  161,  163, 
168);  and  stoichiometry ,  problem  1,  2,,  total  (Tables  177,180,  185).  Unsuccessful 

r 

students  made  more  comments  about  the  solution  for  the  moles  problems  whereas 
moderately  successful  students  made  more  conments  pn  the  stoichiometry  problems. 

Executive  errors .    Gas  Laws,  problem  2  (Table  172)  and  stoichiometry, 
problem  3,  total  (Tables  182,  185),    Made  more  frequently  by  successful 
students.    Unsuccessful  students  frequently  did  not  solve  the  proBlems  ajid 
therefore  had  less  opportunities  to  make  executive  errors. 

Problems  correct.  *  Totals  for  each  of  four  units  (Tables  169,  175,  186,  192). 

 ^ 

Successful  students  got  more  problems  correct: 

Questions  correct.    NtoleS  (Table  169)  and  stoichiometry  (Table  186) . 
Successful  students  answered  more  questions  correct  on  these  two  units. 

Questions  correct  without  prompting.    Moles.,  (Table  170)  and  stoichiometry 
(Table  187).    Successful  students  answered  more  questions  correct  without  prompting 

Structural  errors.    Structural  errors  are  analyzed  according  to  each 
chemistry  unit  because  there  was  a  unique  set  of /errors  associated  for  each 
chemistry  unit,  .  -  ' 

1.  Gas  Laws  3-2,  Table  173.    The  major  difference  between  low,  middle  and 
high  success  groups  was  that  the  first  two  groups  more  frequently  did  not  attempt 
to  start  the  problem.    Successfi^.  students*  (high  group^jnost  frequent  error 
was  to  not  set  up  a  proportion  or  factor. 

2.  Stoichiometry  1-2,  Table  178.    Low  success  students  more  frequently 
failed  to  use  the  equation  in  solving  a  simple  stoichiometrv  >roblem. 

3.  Stoichiometry  2  -  2, Table  181  .    Low  and  moderately  successful  students 
more  frequently  failed  to  use  the  equation  in  solving  stoichiometry  problems 
than  high  success  students. 
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4.  Stoichiometiy  3  -  3,  Table  182.    This  stoichiometry  problem  was  not  solved 
correctly  by  many  students  of  any  category.    High  success  students  attempted 
the  problem  and  used  the  equation  correctly  for  deteimining  the  product.  (The 
major  reason  for  lack  gf  success  on  this  problem  appeared  to  be  students1 
inability  to  determine  the  limiting  reagent.) 

5.  Molarity  3-2,  Table  190.    Low  success  students  did  not  realize  that  the 
balanced  equation  must  be  used  more  frequently  than  middle  or  high  success 
students. 

6.  Molarity  3  -  3,  Table  190.    Low  success  students  used  the  definition 
of  molarity  incorrectly  more  frequently.    More  middle  success  students  did 
not  get  far  enough  to  use  the  definition  of  molarity. 

Hypothesis  4 

There  are  no  significant  differences  in  chemistry  problem  solving 
strategies  used  by  students  according  to  the  method  taught  to  solve  the 
problems. 

Data  were  analyzed  according  to  the  treatment  (method  taught)  to^ich 
they  were  assigned.    This  information  is  summarized  in  Table  193 .    Results  are 
summarized  in  Table  194  and  more  detailed  information  about  significant  findings 
are  given  in  Tables  195  217. 
*\  Systemmatic  approach.    Stoichiometry,  problem  2  (Table  208  ).    Students  who 

used  the  factor-label  methods  and  the  proportion  method  displayed  a  more  system- 

i 

matic  approach  more  frequently  than  students  who  used  the  other  two  methods, 
j       Because  the  stoichiometry  problems  were  quite  complex  this  may  have  important 
educational  implications. 

Approach  taught.    Moles,  all  problems  (Tables  195,  196,  197,  19S) ,  gas  laws, 
all  problems  (Tables  200,  201,  202,  204),  stoichiometiy,  all  problems  (TVbles  206, 
208,  210*  212),  and  molarity,  all  problems  (Tables  214,  215,  216,  217)-  Students 
who  were  taught  to  use  the  factor-label  method  and  proportionality  more  overtly  used 

i 
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Table  193 
Distribution  of  Students'  According 
to  Teaching  Strategy  9 


  Strategy   

Unit                                 Factor -Label  Analogy      Diagram  Proportion 

N  N                N  N 

 -    —  -  —  -i 

Moles                                        20  17              24  13 

Gas  Laws                                   14  18              16  ^ 

Stoichiometry                  ,          19  15              I7  17 

Molarity                   .                15  19              19  11 


Table  194 


Suciaary  of  Significant  l\uidi%s:    icaaun^  btiatc^ic^ 


'  Moles 

Gas  Laws 

Stoichiometry 

Molarity 

Protocol  Categories 

PI3 

P2^ 

m 
rl 

VL  rJ 

T 
1 

rl 

P2 

P3  T 

Dl 
rl 

YL  rJ 

T 

*R^ad  mff /Oroani  zinp 

Rei^dds  or  Stating^ 

• 

• 

toe  monies 

Production 

Systematic 
Approach  Taught 

26. 24 
c.0001 

31.92  25.38 
<.UUU1'  SUUU1 

38.19 

SUUU1 

50.05 
S  UUU 1 

50.05  9.98 
SUUU1  ,UZ 

53.58 
<  nnm 

UUUl 

"31.96 
<  nnm 

NUUUl 

i  s  n«e 
.005  f 

36.85 
<  0001 

17.34  35.43 
.0006  <.0001 

22.78 
<  nnm 

SUUUl 

24.09  26.03 
<nnm  <nnni 

40.18 

^»  UUUl 

Arithmetic 

12.55 
.006 

21.28  12.49 
.0001  .006 

20.49 
.0001 

37.51 
<.0001 

40.12  9.51 
<  0001  .02 

36.34 
<.0001 

1-3.58 
.004 

10.58 
.01 

7.87  12.85 
.05  .005 

14.38  8.09 
.002  .04 

14.69 
-002 

.Son  sys  tenroat  ic 

7.84 
.05 

7.77 
.05 

7.77 

12.87  11.36 

7.70 
.05 

No  Answer 
Strategy 
Algorithmic 

• 

> 

v.* 

10.78 
.01 

8.63 
.03 

7.70 
.05 

7.61 
nc 

- 

*  Alg/Reasoning 

9.66 
,02 

7.77 
.05 

• 

Random  T  u  E 
Structural  Error 

- 

10.61  9.81 
.01  .02 

Misinterprets 

Disregards  given 

uis regards  gen 

Misapplies 
Not  generate 

V 

8.65 
,03 

12.96 
.005 

9.23 
.03 

12.23 
.007 

& 

m 

Table  194  (continued) 
Sunwary  of, Significant  Findings:    Teaching  Strategies 


3' 


Statistic 

^Probability  level  * 
K  SSum  of  rereads  -id. restates  subcategories 

cProblem  3  Action  on  supplementary  coding  sheet 

dSum  of  Problems  1,263  iNot  meaningful 


•Category  sum 
aProblem  1 
bProblcm  2 
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Table  195 

Interview  Data  Analyses:   Moles  -  Problem  2 
Teaching  Strategies 


Teaching 
Strategy 

Approach  Taught 

Arithmetic  Approach 

— i »  .  

1 

loxax 

n 
u 

l 

loxai 

11 

20 

15 

7 

20 

45. 0b 

55.0 

27.0 

65.0 

35.0 

27.0 

Factor-Label 

lb. 3^ 
12. 2*1 

7^  ^ 
/  j  .  j 

44  8 

■ft .  O 

17.6 

15.6 
9.5 

17 

0 

17 

5 

12 

17 

100.0 

0 

23.0 

-  29.4 

70*.  6 

23.0 

Analogy 

LO  •  0 

23.0 

0 
0 

17.2 
6.8 

26.7 
16.2 

0 

24 

4 

20 

24 

100.0 

•  0 

32.4 

'  16.7 

83.3 

32.4 

Diagram 

40.7 
32.4 

0 
0 

• 

15.8 
5.4 

44.4 

27.0 

•  • 

9 

,4 

13 

1 

6 

13 

69.2 

*  30.8 

17.6 

53.8 

46.2 

17.6 

Proportion 

15.3 
12.2 

26.7 
5.4 

24.1 
9.5 

13.3 
8.1 

Total 

59 
79.7 

15 
20.3 

74 
100.0 

29 
39.2 

45 
60.8 

74 
100 .0 

Chi  Square 

26.24 

Chi  Squate 

12.  bb 

df 
V 

,59* 

df 
V 

3  • 
.42 

Significance 

<.0001 

Significance 

.006 

*Count 

Tlow  percentage 
^Column  percentage 
TTotal  percehtage 
f  Cramer's  V 

ERIC 
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Table  1'96 


Interview  Data  Analyses :   Moles  -  Problem  2 
Teaching  Strategies 


Teaching 
Strategy 


Approach  TauP^t.lota^ 


8 

40.0 

Factor-Label  jj-jj 


Analogy 


Diagram 


Proportion 


Total 


17 

1004 

30. 9-. 
23.0 

24 
100.0 
43.6 
32.4 

6 

46.2 
- 10.9 
8.1 

.  55 

74.3 


12 
60.0 
63.2 
16.2  • 

0 

'  0 
0 
0 

0 
0 
0 
0 

7 

53.8 
36.8 
9.5 

19 
25.7 


Chi  Square 

df 

V 

Significance 


20 
27.0. 


17 
23.0 


24 
32.4 


13 
17.6 


74 
100.0 


31.92 
3 

.66 
)001 


Arithmetic  Approach 
fl  1  Total 


15 
75.0 
45.5 
20.3 

6 

35.3 
18.2 
8.1 

3 

12.5 
9.1 
4.1 

9 

69.2 
27:3 
12.2 

33 
44.6 


5 

25.0 
12.2 
6.8 

11 

64,7 
26.8 
14.9 

21 
87.5 
51.2 
28.4 

4 

30.8 
9.8 
5.'4 

41 
5S.4 


Chi  Square 

df 
V 

Significance 


20 
27.0 


'17 
23,0 


24^ 
32.4 


13 
17.6 


74 
100.0 

21.28 
3 
.54 
.0001 


35u 


Table  197 

Interview  Data  Analyses;   Moles  -  Problem  3 
Teaching  Strategies 


Teaching 
Strategy 


Factor- 
Label 


Analogy 


Diagram 


Proport ion 


Total 


o 

,  I 

Total 

9 

20 

55.0 

45.0 

27.0 

18.6 

60^ 

14.9 

12.2 

n 

17 

100.0 

0 

23.0 

28.2 

0 

23.0 

o 

24 

0 

24 

100.0 

0 

32.4 

40.7 

0 

-  32.4 

0 

7 

6 

13 

53.8 

46.2 

17.6 

r  .9 

40.0 

9.5 

8.1 

59 

15 

74 

79.7 

20.3 

100.0 

Chi  Square 

df 

V 

Significance 


23.38 
3 

.56 
<  .0001 


Arithmetic  Approach 
Q  1  Total 


15 
75.0 
33. 3 
20.3 

11 
64.7 
24.4 
14.9 

8 

33.3 
17.8 
10.8 

11 
84.6 
24.4 
14.9 

45 
60.8 


5 

25.0 
17.2 
6.8 

6 

35.3 
20.7 
8.1 

16 
66.7 
55.2 
21.6 

'2 
15.4 
6.9 
2.7' 

29 
39.2 


Chi  Square 

df 

V 

Significance 


20 
27.0 


17 
23.0 


24 
32.4 


13 
17.6 


74 
100.0 


12.49 
3 

.41 
.006 


Needed  Inforwaticn 
Not  Generated 


0 

1 

Total 

14 

6 

^  20 

70.0 

30.0 

»  27.0 

22.2 

54.5 

18.9 

8.1 

15 
88.2 
23.8 
20.3 

24 
100.0 
38.1 
32.4 

10 
76.9 
15.9 
13.5 

63 
85.1 


11.8 
18.2 
2.7 

0 
0 
0 
0 

3 

23.1 
27.1*. 
4.1 

11 
14.9 


Chi  Square 
df 

V 

Significance 


17 
23.0 


24 
32.4 


13 
17.6 


74 
100.0 

8.63 
3 
.34 
.03 


ERIC 


357 


Table  198 


Interview  Data  Analyses:  Moles 
Teaching  Strategies 


Total 


Teaching 
Strategy 


25.  o; 

Fac  or -Label  9.6 

6.8' 


Analogy 
Diagram 

* 

Proportion 
Total 


17 
100.0 
32.7 
23.0 

24 
100.0 
46.2 
32.4 

6 

46.2 
11.5 
8.1 

52 
70.3 


Approach  Taught 
1  2  3 


Total 


4 

20.0 
10J.O 
5.4 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

4 

5.4 


5 

25.0 
55.6 
6.8 

0 
0 
0 
0 

'  0 
0 
0 
0 


4 

30.8 
44.4 
5  4 


9 

12.2 


6 

30.0 
06.7 
8.1 

0 
0 
0 
0 

0 

0 
0 

u 

3 

23.1 
32.3 
4.1 

9 

12.2 


20 
27.0 
(53.8)e 


17 
25.0 
(26.5) 


24 
32.4 
(26.5) 


15 
17.6 

!(47.2j 


"4 
100.0 


12 
60.0 
52.2 
16.2 

4 

23.5 
17.4 
5.4 

0 
0 
0 
0 

7 

53.8 
30.4 
9.5 

23 
51.1 


Arithmetic  Approach 
"I  2^  T~ 


2 

10.0 
20.0 
2.7 

2 

11.8 

20.0 
2.7 


16.7 
40.0 
5.4 

2 

15.4 
20.0 
2.7 

10 
13.5 


3 

15.0 
16.7 
4.1 

6 

35.3 
33  •  3 
8.1 

7 

29.2 
38.9 
9.5 

2 

15.4 
11.1 

2.7 

18 

24.3 


15.0 
15.  C 
4.1 


29.4 
21." 
6.S 

15 
54.2 
56. 5 
17.0 


15.4 
8." 


31.1 


aCount 

•'Row  percentage 
^Column  percentage 
"Total  percent  lge 
^fean  rank 

O 

ERIC 


KW  Chi  Squaie  38. U 
df  9 
Significance    <  .P001 


KW  Q\i  Square 
df 

Significance 


20.4? 

a 

.0001 


Table  199 


Interview  Data  Analyses :  Moles 
Teaching  Strategies 


Total 


Teaching 
Strategy 


Factor -Label 

Malogy 

Diagram 

Proportion 
Total 


0 

1 

2 

3 

Total 

16 

2 

2 

0 

29 

80.0 

10.0 

10.0 

0 

27.0 

30.8 

15.4 

33.3 

0 

(33.9) 

21.5 

2.7 

2.7 

0 

8 

5 

2 

2 

17 

47.1 

29.4 

11.8 

11.8 

23.0 

15.4 

38.5 

33.3 

66.7 

(46.5) 

in  o 
JLU  •  o 

£  O 
\J  •  U 

2.7 

*?  *7 

16 

6 

2 

0 

'24 

66.7 

25.0 

8.3 

0 

32.4 

30.8 

46.2 

33.3 

0 

(38.1) 

21.6 

8.1 

2.7 

0 

12 

0 

0 

1 

13 

92.3 

0 

0 

7.7 

17.6 

23.1 

0 

0 

33.3 

(30.1) 

16.2 

0 

0 

1.4 

52 

13 

6 

3 

74 

70.3 

17.6 

8.1 

4.1 

100.0 

KW  Chi  Square  7.84 
df  9 
Significance  .05 


Needed  Information  Not  Generated 
2  Total 


0 


9 

45.0 
17.0 
12.2 


T 


9 

45.0 
52.9 
12.2 


10.0 
50.0 
2.7 


20 
27.0 
(47.3) 


14 

7 
L 

1 

17 

82.4 

11.8 

5.9 

23.0 

26.4 

11.8 

25.0 

(33.8) 

10  0 

2 . 7 

1.-1 

22 

2 

0 

24 

91.7 

8.3 

0 

32.4 

41.5 

11.8 

0 

(29.9) 

29.7 

2.7 

0 

8 

4 

1 

13 

61.5 

30.8 

7.7 

17.6 

15.1 

23.5 

25.0 

(41.3) 

10.8 

5.4 

1.4 

53 

17 

4 

74 

71.6 

23.0 

5.4 

100.0 

KW  Chi  Square  12.96 
df  6 
Significance  .005 


ERIC 


35J 


Table  ™0 


Interview  Data  Analyses :    Gas  Laws 
Teaching  Strategies 


Problem  1 


Approach  ^Taught 


iotai 


1 

7.1 
2.6 
1.6 

18 
100.0 
47.4 
28.1 

16 
100.0 
42.1 
25.0 

3 

18.8 
7.9 
4.7 

38 
59.4 


13 
92.9 
50.0 
20.3 

0 
0 
0 
0 

0 
0 
0 
0 

13 
81.3 
50.0 
20.3 

26 
40.6 

Chi  Square 

df 
V 

Significance 


14 
21.9 


18 
28.1 


16 
25.0 


16 
25.0 


b4 
100.0 


50.05 
3 

.888 
<.0001 


Arithmetic  Approach 
 — Total 


13 
92.9 
40.6 
20.3 

1 

5. fa 
3.1 
1.6 

4 

25.0 
12.5 
6.3 

14 
87.5 
43.8 
21.9 

32 
50.0 


1 

7.1 
5.1 
1.6 

17 

.  94.4 
53.1 
26.6 

12 
75.0 
37.5 
18.8 

2 

12.5 
6.3 
5.1 

52 
50.0 

Chi  Square 
df 

V 

Significance 


14 

21.9 


18 
28.1 


16 
25.0 


16 
25.0 


64 
100.0 


37 


51 
3 
.76 
0001 


3uU 


Table  201 


Interview  Data  Analyses:    Gas  Laws  -  Problem  2 
Teaching  Strategies 


Teaching 
Strategy 


Approach  Taught 
 1  Total 


Arithmetic  Approach 
0        1  Total 


Algorithmic  Strategy 
0  1  Total 


Facte r- Label 

Analogy 

Diagram 

Proportion 
Total 


l 

13 

14 

14 

0 

14 

9 

7.1 

92.9 

21.9 

100.0 

0 

21.9 

64.3 

2.6 

50.0 

42.4 

0 

*55.0 

1.6 

20.5 

21.9 

0 

14.1 

18 

0 

18 

4- 

16 

18 

10 

100.0 

0 

28.1 

11.1 

88.9 

28.1 

55.6 

47.4 

0 

6.1 

51.6 

27.8 

28.1 

0 

3.1 

25.0 

15.6 

16 

0 

16 

3 

13 

16 

•  13 

100.0 

0 

25.0 

18.8 

81.3 

25.0 

81.3 

42.1 

0 

9.1 

41.9 

36.1 

25.0 

0 

4.7 

20.3 

20.3 

3 

13 

16 

14 

2 

16 

4 

18.8 

81.3 

25.0 

87.5 

12.5 

25.0 

25.0 

7.9 

50.0 

42.4 

6.5 

11.1 

4.7 

20.5 

21.9 

3.1 

6.3 

38 

26 

64 

53 

31 

64 

o  36 

59.4 

40.6 

10C.0 

51  5 

48.4 

100.0 

56.3 

Chi  Square 

50.05 

Chi  SquJie 

40.12 

Chi 

df 

3 

df 

3 

df 

35.7 
17.9 
7.8 

S 

44.4 
28.6 
12.5 

5 

18.8 
10.7 
4.7 

12 
75.0 
42.9 
18.8 

28 
43.8 


V  .88 
Significance <  .0001 


.79 

Significance  <.0001 


Significance 


14 
21.9 


18 
28.1 


16 
25.0 


16 
25.0 


64 
100.0 


10.78 
3 
.41 
.01 


Algorithmic  Reasoning 
~0  I  Total 


6 

42.9 
16.7 
9.4 

10 
55.6 
27.8 
15.6 

6 

37.5 
16.7 
9.4 

14 

87.5 
38.9 
21.9 

36 
56.3 


8 

57.1 
28.6 
12,5 

8 

44.4 
28.6 
12.5 

10 
62.5 
35.7 
15.6 

2 

12.5 
7.1 
3.1 

28 
43.8 


14 
21.9 


18 
28.1 


16 
25.0 


16 
25.0 


64 
100.0 


Chi  Square 

df 

V 

Significance 


9.66 
3 

.39 
.02 


ERIC 


36i 


382 


3 


Table  202 


Teaching 
Strategy 


Factor- Label 

Analogy 
Diagram 

Proportion 
Total 


Interview  Data  Analyses :    l^as  Laws  -  Problem  3 
Teaching  Strategies 


Approach  Taught 
0 TK       T  Total 


9 

64.3 
16.1 
14.1 

17 
94.4 

30.4 
26.6 

16 
100.0 
28.6 
25.0 

14 

87.5 
25.0 
21.9 

56 
87.5 


5 

35.7 
62.5 
7.8 


5.6 
12.5 
1.6 


0 
0 

0 
0 

2 
.5 
.0 
.1 


12 

25 
5 


8 

12.5 


Chi  Square 

df 
V 

Significance 


14 
21.9 


Arithmetic  Approach 
Tj  1  Total 


14 
ion.  i) 


■28.6 

0 

o 

18 

11 

7". 

18 

£0.1 

fal  .  i 

58.9 

28.1 

22.4 

46.7 

17.2 

10.9 

16 

10 

c 
V 

16 

25.0 

62.5 

57.5 

LO  .U 

20.4 

40.0 

15.6 

9.4 

16 

14 

2 

16 

25.0 

87.5 

12.5 

25.0 

28.6  - 

13. 3 

21.9 

5.1 

64 

49 

15 

64 

100.0 

7b. 6 

25. 4 

100.0 

9.98 

□li  Square 

9.51 

3 

df 

3 

.39 

V 

.38 

.02 

Significance 

.U2 

Table  203 


Interview  Data  Analyses:    Gas  Laws  -  Problem  3 
Teaching  Strategies 


Teaching 
Strategy 


Mis appl ies  Information  Generated 
 ft  1  Total 


Comments  about  Solution 
~0   1  2  Total 


Factor -Label 

Analogy 

Diagram 

Proportion 
Total 


14 
100.0 
23.7 
21.9 

17 
94.4 
28.8 
26.0 

12 
75.0 
20.5 
18.8 

16 
100.0 
27.1 
25.0 

59 
92.2 


0 
0 
0 
0 

1 

5.6 
20.0 
1.6 

4 

25.0 
80.0 
6.3 

0 

0 
0 

0 

5 

7.8 


14 
21.9 


18 
28.1 


16 
25.0 


16 

25.0 


64 
100.0 


1 

7.1 
6.7 
1.6 

5 

27.8 
33.3. 
7.8 

7 

43.8 
46.7 
10.9 

2 

12.5 
13.3 
3.1 

15 
23.4 


10 
71.4 
22.7 
15.6 

12 
66.7 
27.3 
18.8 

9 

56.3 
20.5 
14.1 

13 
81.3 
29.5 
20.3 

44 
68.8 


3 

21  .'4 
60.0 
4.7 

1 

5.6 
20.0 
1.6 

0 
0 
0 
0 

1 

6,3 
20.0 
1.6 

5 

7.8 


14 
21.9 
(40.6) 


18 
28.1 
(30.7) 


16 

25.0 
(24.6) 


16 

25.0 
(35.3) 


64 
100.0 


Chi  Square 

df 

V 

Significance 


9.23 
.  3 
.38 
.03 


KW  Chi  Square  9.23 
df  6 
Significance  .03 


ERIC 


'364 


Table  204 


interview  Data  Analyses: 

Teaching  Strategies 


uas  Laws  -  Total 


roach  Taught 


Strategy 

0 

— ^  

2 

w 
D 

Total 

0 

1 

9 

4 

14 

0 

7.1 

64.3 

28.6 

21.9 

Fa  c  t  n  T  -  Lal)6 1 

n 
u 

lfi  7 

50.0 

65.7 

(52.1) 

0 

1.6 

14.1 

6.5 

17 

1 

0 

0 

18 

94.4 

S.6 

0 

0 

28.1 

n 

jU  •  u 

lh  7 

o 

o 

(18.6) 

Analogy 

26.6 

1.6 

0 

0 

16 

0 

0 

0 

10 

1UU.0 

M 
w 

0 

0 

25.0 

Diagram 

47.1 

0 

0 

0 

(17.5) 

25.0 

0 

0 

0 

1 

4 

9 

1 

16 

6 . 3 

25.0 

59.3 

12.5 

25.0 

Proportion 

2.9 

66.7 

50.0 

55.5 

(46.0) 

1.0 

6.3 

14.1 

5.1 

Total 

34 

6 

18 

b 

64 

53 . 1 

9.4 

28.1 

9.4 

100.0 

0 


13 
92.9 
45.3 
20.3 

1 

5.6 
3.3 
1.6 

3 

18.8 
10.0 
4.7 

13 
81.3 
45.5 
20.3 

30 
46.9 


Arithmetic  Approach 
1  1  3 


1 

7.1 
33.3' 
1.6 

1 

5.6 
33.3 
1.6 

1 

6.3 

t  —  7 

1.6 

0 
0 
0 

9 

3 

4.7 


0 
0 
0 
0 

9 

50.0 
50.0 
14.1 

6 

37.5 
9.4 
3 

18.8 
16.7 
4.7 

18 
28.1 


0 
0 
0 
0 

7 

58.  a 

o3. 8 
10.9 

6 

57.5 
16.2 
9.4 

0 
0 

0 
0 

15 

20.3 


Total 


14 

21.9 
(16.7) 


18 
28.1 
(46.4) 


16 
25.0 
f42.6) 


16 
25.0 
(20.6) 


64 
100.0 


KW  Chi  Square  53.58 
df  9 
Significance  <.0001 


KW  Chi  Square  36.34 
df  9 
Significance  <.0001 


3Gj 


9 


Table  205 


Teaching 
Strategy 


Factor - 
Label 


Analogy' 


Diagram 


Interview  Efota  Analyses:    Gas  Laws  -  Total 
Teaching  Strategies  % 


Algorithmic  Strategy  ftily 
—  2  3  Totals 


Total 


7 

50.0 

14.5 

25.9 

20.0 

10.9 

5.1 

6 

5 

55.3 

27.8 

22.2 

50.0 

9.4 

7.8 

11 

1 

68.  3 

0.5 

40.7 

10.0 

17.2 

1.6 

3 

1 

18.8 

12.5 

11.1 

20.0 

4.7 

5.1 

27 
42.2 


10 
15.6 


3 

18.8 
14.5 
4.7 

8 

50.0 
38.1 
12.5 

21 
32.8 


KW  Chi  Square 
df 

Significance 


1 

16 

b 

3 

25.0 

lo 

7 

(24 . 5) 

1 

.6 

3 

16 

18 

.8 

25.0 

50 

.0 

(42.2) 

4 

.7 

6 

64 

9 

.4 

100.0 

8 

.63 

9 

.03 

Algorithmic  Reasoning  Strategy 
Q   *      1  2   3  Total 


Mis  applies  Info  Generated 
— JT^        I  T5tal 


4 

1 

14 

5 

5 

28.6 

7.1 

21.9 

35.7 

21.4 

19.0 

16.7 

(29.8) 

16.7 

30.0 

6.3 

1.6 

7.8 

4.7 

6 

1 

'  18 

7 

3 

35.3 

5.6 

28.1 

38.9 

16.7 

28.6 

16.7 

(33.1) 

23.5 

30.0 

9.4 

1.6 

10.9 

4.7 

0 

37.5 

on  n 

'9.4 

12 
75.0 
40.0 
18.8 

30 
46.9 


? 

12.5 

?n  n 

3.1 

2 

12.5 
20.0 
3.1 

10 
15.6 


4 

28.  b 
25.0 
6.5 


2 

14.5 
25.0 
3.1 


14 
21.9 
(35.6) 


14 
100.0 
24.1 
21.9 


0 
0 
0 
0 


6 

18 

17 

1 

33.3 

11. 

1 

28.1 

94.4 

5.6 

37.5 

25. 

0 

(34.8) 

29.3 

16.7 

9.4 

3. 

1 

26.6 

1.6 

4 

4 

Id 

11 

5 

25.0 

25 

.0 

25.0 

68.8 

31.3 

25.0 

51 

.0 

(37.5) 

.19  X 

83.3 

6.3 

6 

.3 

17.2 

7.8 

2 

0 

16 

16 

0 

12. 5- 

0 

25.0 

100.0- 

0 

12.5 

0 

(22.1) 

27.6 

0 

3.1 

0 

25.0 

0 

16 

8 

b4 

5ft 

6 

25.0 

12 

.5 

100.0 

90.6 

9.4 

14 
21.9 
(29.5) 


18 
28.1 
(31.3) 


16 
25.0" 
f39.5) 


16 
25.0 
(29.5) 


64 
100.0 


KW  Chi  Square  7.77 

df  9 
Significance  .05 


KW  Chi  Square  12.23 
df  3 
Significance  .007 


ERJC 


36o 


04 


.  367 


Table  206 


Interview  Data  Analyses :  >  Stoichiometry 
Teaching  Strategies 


Problem  1 


Teaching 
Stratej 


3 


Approach  Taught 


TotaT 


t  8 
\  42.1 

Factor-LaWl  *!j-2 
\  12.1 


Analogy 

Diagram 

Proportion 
Total 


\  15 
\  100.0 
1  34.1 
\  22.7 


368 


17 
100.0 
38.6 
25.8 

\  4 
26.7 
4.1 
6U 

\ 

44 

66.7 


11 

57.9 
50.0 
16.7 

0 
0 
*0 
0 

0 
0 
0 
0 

11 

73.3 
50.0 
16.7 

22 
33.3 


Chi  \Square 
df 


19 
28.8 


15 
22.7 


17 
25.8 


15 
22.7 


66 
100.0 


31.96 
•3 
.69 

Significance    <  .0001 


Arithmetic  Approach 
~D —        1  Total 


14 

73.7 
34.1 
21.2 

6 

40.0 
14.6 
9.1 

7 

41.2 
17.1 
10.6 

14 
93.3 
34.1 
21.2 

41 
62.1 


5 

26.3 
20.0 
7.6 

9 

60.0 
36.0 
13.6 

'10 
58.8 
40.0 
15.2 

1 

6.7 
4.0 
1.5 

25 
37.9 


Chi  Square 

df 

V 

Significance 


19 
28.8 


15 
22.7 


17 
25.8 


15 
22.7 


66 
100.0 

13.58 
3 

.45  ' 
.004 


Nonsystemmatic  Approach 
~0  I  Total 


17 
89.5 
30.9 
25.8 

9 

60.0 
16.4 
13.6- 

15 
88.2 
27.3 
22.7 

14 
93.3 
25.5 
21.2 

55 
83.3 


2 

10.5 
18.2 
3.0 

6 

40.0 
54.5 
9.1 

2 

11.8 
18.2 
3.0 

1 

6.7. 

9.1 

1.5 

11 
16.7 


Chi  Square 

df 

V 

Significance 


19 
28.8 


15 
22.7 


17 
25.8 


15 

22.7 


66 
100.0 

7.77 
3 

.34 
.05 


MS-  , 


\ 


Teaching 
Stragegy 


Factor -Label 

Analogy 

Diagram 

P  roportion 
Total 


Table  207 

Interview  Data  Analyses :    Stoichiometry  -  Problem  1 
Teaching  Strategies- 


No  Arswer  Given 


0 

1 

Total 

18 

1 

1  Q 

94." 

5.3 

TO  Q 

Zo.o 

31.0 

12.5 

27 .5 

1.5 

15 

0 

1  r 

15 

100.0 

0 

22.7 

25.9 

0 

22.7 

0 

i: 

5 

17 

70.6 

29.4 

25.8 

20.7 

62.5 

18.2 

7.6 

.  15 

2 

15 

86.7 

13.3 

22.7 

T)  1 

L*  L*    •  t 

25.0 

19.7 

3.0 

58 

8 

66 

87.9 

12.1 

100.0 

Chi  Square 

7.70 

df 

3 

V 

.34 

Significance 

.05 

1 


Teaching 
Strategy 


Factor- Label 

V, 

Analogy 

Diagram 

Proportion 
Total 

tr 


Table  208 

Interview  Data  Analyses :    Stoichiometry  -  Problan  2 
Teaching  Strategies 


Svstenroatic  Approach 
Ur  1  Total 


3 

16 

15.8 

84.2 

15.0 

34.0 

4.5 

24.2 

9 

6 

60.0 

40.0 

45.0 

13.0 

13,6 

9.1 

7 

10 

41.2 

58.8 

35.0 

21.7 

10.6 

15.2 

1 

14 

6.7 

93.3 

5.0 

30.4 

1.5 

Zl.2 

20 

46 

30.3 

69.7 

Chi  Square 

df 
V 

Significance 


Approach  Taught 
0  ^      1  ^  Total" 


Arithmetic  Approach 
-q—  1  Total 


19 

7 

12 

19 

15 

4 

28.8 

36.8  , 

63.2 

28.8 

78.9 

21.1 

18  4 

42  9 

31.3 

22.2 

10.6 

18.2 

22.7 

6.1 

15 

15 

o 

15 

9 

6 

22.7 

lod.o 

0 

22.7 

60.0 

40.0 

39.5 

0 

18.8 

33.3 

22.7 

0 

13.6 

9.1 

17 

15 

2 

1/ 

9 

8 

25.8 

88.2 

11.8 

25.8 

52.9 

47.1 

39.5 

7.1 

18.8 

44.4 

22.7 

3.0 

13.6 

12.1 

15 

1 

14 

15 

15 

0 

2-2.7 

6.7 

93.3 

22.7 

100.0 

0 

2.6 

50.0 

31.3 

0 

1.5 

21.2 

22.7 

0 

6o 

38 

28 

66 

48 

18 

100.0 

57.6 

42.4 

100.0 

72.7 

27.3 

15.08 

Chi  Square 

56.85 

Chi  Square 

3 

df 

3 

df 

.44 

V  1 

.75 

.  v 

.005 

Significance 

<  .0001 

Significance 

erJc 


t  \  -if 


\ 


8 


Table  209 


Teaching 
Strategy 


Factor -Label 


Interview  Data  Analyses:    Stoichlometry  -  Problem  2 
Teaching  Strategies 


Nonsystemmatic  Approach 
n  1      Total  ~ 


17 
89.5 
30.9 
25.8 


2 

10.5 
18.2 
3.0 


19 
20.8 


i  No  Answci  Given 


0 


18 
94.7 
31.6 
27.3 


1 

5.3 
11.1 
1.5 


Total 


19 
28.8 


Analogy 


9 

60.0 
16.4 
13.6 


6 

40.0 
54.5 
9.1 


15 
22.7 


12 
80.0 
21.1 
18.2 


3 

20.0 
33.3 
4.5 


15 
22.7 


Diagram 


Proportiijn 


"15 
88  •  2 
27 . 3 
22.7 

14 
93.3 
25.5 
21.2 


2 

11.8 
18.2 
3.0 

1 

6.1 
9.1 
1.5 


17 
25.8 


15 
22.7 


12 
70.6 
21.1 
18.2 

15 
100.0 
26.3 
22.7 


5 

29.4 
55.6 
7.6 

0 
0 
0 
0 


17 
25.8 


15 


Total 


55 
83.3 


11 
lb. 7 


66 
100.0 


57 
86.4 


9 

13.6 


66 
100.0 


Chi  Square  7.77 

df  3 

V  .34 

Significance  .05 


Chi  Square  7.61 

df  3 

V  .34 

Significance  .05 


ER?C 


372 


Table  210 


Interview  Data  Analyses:    Stoichiametry  -  Problem  3 
Teaching  Strategies 


Teaching 
Strategy 


Factor -Label 


Analogy 


Diagram 


P  roportion 


Total 


Approach  Taught  

(ftr      T  Total 


Arithmetic  Approach 
Q  1     .  Total 


1 1 
11 

g 

19 

15 

4 

,  19 

57.9 

42.1 

28.8 

78.9 

21.1 

28.8 

22.4 

47.1 

29.4 

26.7 

10.  / 

19  1 
1Z  .1 

??  7 

ft  1 

15 

0 

15 

11 

4 

.• 

15 

100.0 

0 

2?  7 

73.3 

26.7 

22.7 

30.6 

0 

21.6 

26.7 

22.7 

0 

16.7 

6.1 

16 

i 

17 

10 

7 

'  1  17 

94.1 

5.9 

25.8 

58.8 

41.2 

25.8 

32.7 

5.9 

19.6 

46.7 

24.2 

1.5 

15.2 

10.6 

7 

8 

15 

15  , 

•  0 

15 

46.7 

53.3 

22.7 

100.0.  ' 

0 

22.7 

14.3 

47.1 

29.4 

0 

10. b 

12.1 

22.7 

0 

49 

17 

66 

51  . 

-.15 

66 

74.2 

25.8 

100.0 

77. r 

22.7 

100.0 

Chi  Square 

17.34 

Chi  Square 

7.87 

df 

3 

df 

3 

V 

.51 

V 

.'34 

Significance  .0006 


Significance 


.05 


4 


Table  211 


Interview  Data  Analyses:    Stoichiometry  -  Problem  3 
Teaching  Strategies 


Teaching* 
Strategy 


Nonsystemma-ic 

Approach 

0 

1  • 

Total 

1  ft 

1 
1 

19 

94.7 

5.5 

28.8 

52.7 

9.1 

27.3 

.  1.5 

Q 

0 

7 

15 

53.3 

46.7 

22.7 

14.5 

63.6 

1U  .  0 

15 

2 

17 

88.2 

11.8 

25:8 

27.3 

18.2 

22.7 

3.0 

14 

1 

15 

95.5 

6.7 

22.7 

25.5 

9.1 

21.2 

1.5 

55 

11 

66 

85.3 

16.7 

100.0 

Chi  Square 

12.87 

df 

3 

V 

.44 

Use  of  Random 
Trial  and  Error 


0 

1 

T\~  A.  _  1 

lotai 

17 

2 

19 

89.5 

10.5 

28.8 

33.3 

13.3 

Zb.  o 

3.U 

7 

8 

15 

46.7 

53.3 

22.7 

13.  7 

53.3 

10.6 

12.1 

14 

3 

17 

82.4 

17.6 

25.8 

27.5 

20.0 

21.2 

4.5 

15 

2 

15 

86.7 

13.3 

•  22.7 

25.5 

13.3 

19.7 

3.0 

51 

15  * 

66 

:actor- Label 

Analogy 

Diagram  - 

Proportion 
Total 


a 


ERiC 


Significance  .005 


77.5        22.7  ^  100.0 

Chi  Squffe  10.61 

df         \  3 

V  .40 

Significance  .01 


Table  212 

Interview  Data  Analyses:    Stoichiometry  -  Total 
Teaching  Strategies 


.8 
.4 
.6 

15 
.0 
.5 
.7 

15 
.2 
.  5 
.7 


.6 
.5 

38 
.0 


Approach  Taught  


1 


Total 


1 

5.3 
20.0 
1.5 


3 

15.8 

42*9 
4.5 


8 

42.1' 

50.0 

12.1 


19 
28.8 
(41.4) 


KW  Chi  Square  35.43 
df  9 
Significance     <  .0001 


0 


12 
63.2 
30.8 
18.2 


Arithmetic -Approach 
1  2  i  " 


4 

21.1 
40.0 
6.1 


0 
0 
0 
0 


0 

0  , 

0 

15 

6 

3 

2 

0 

0 

0 

22.7 

40.0 

20.0 

13.3 

0 

0 

0 

(19.5) 

15. 

30.0 

66.7 

0 

0 

0 

9.1 

4.5 

3.0 

U 

1 

0* 

17  i 

7 

2 

1 

5.9 

5.9 

t  o 

25.8  \ 

41.2 

11.8 

5.9 

20.0  • 

14.3 

0 

(22.4)1 

17.9 

20.0 

33.3 

1.5 

1.5 

0 

I 

10.6 

3.0 

1.5 

3 

3 

8 

15 

14 

1 

0 

20.0 

20.0 

53.3 

22 . 7 

95.3 

6.7 

0 

60.0 

42.9 

50.0 

(so !ij 

35.9 

10.0 

0 

4.5 

4.5. 

12.1 

21.2 

1.5 

0 

5 

7 

16 

66 

39 

10 

3 

7.6 

10.6 

24.2 

100.0 

•59.1 

15.2 

4.5 

Total 


KW  Chi  Square 
df 

Significance 


3 

15.8 
21.4 
4.5 

4 

26.  Z 
28.6 
6.1 

7 

41.2 
50.0 
10.6 

0 
0 
0 
0 

14 
21.2 

12.85 
9 

.005 


19 
28.8 
(31.4) 


15 
22.7 
(39.6) 


•  17 
25.8 
(41.0J 


15. 
22.7 
(21.6) 


66 
100.0 


Table  213 


Interview  Data  Analyses :    Stoichiometry  -  Total 
Teaching  Strategies 


Teaching 
Strategy 


Factor -Label 

Analogy 

Diagram 

Proportion 

Total 


0 


Nonsystenmatic  Approach 
 ]  2  5 


Total 


16 
84.2 
54.0 
24.2 

6 

40.0 
12.8 
9.1 

15 
76.5 

-1-1  7 

L.  I  •  I 

19.7 

12 
80.0 
25.5 
18.2 


,  1 
5.3 
10.0 
1.5 

3 

20.0 
30.0 
4.5 

3 

f7.6 

30.0 
4.5 

3 

20.0 
30.0 
4.5 

10 
15.2 


2 

•10.5 

50  -0 
3.0 

2 

13.3 
5,0.0 
3.0 

0 

u 

0 
0 

0 
0 

0 
0 

4 

6.1 


-0. 


kW  Chi  Square 
ui' 

Significance 


0 
0 

0 

4 

2b. 7 
SO.O 
6.1 

1 

5.'? 
20.0 

I.  5 

0 
0 

0 
0 

5 

7.6 

II.  56 

9 
.01 


19 
28.8 
(29.2) 


15 
22.7 
(45.1) 


17 
25.8 
(51.4) 


13 
22.7 
(29.7) 


66 
100.0 


0 


14 
73.7 
32.6 


Use  of  Random  Trial  and  Error 
 i  2  3  Total 


1 

5.3 
9.1 


4 

21.1 
66.7 


0 
0 
0 


19 

28.8 
(30.9) 


21.2 

1.5 

6.1 

0 

5 

« 

4 

2 

A 

15 

33.3 

26.7 

13.3 

~>(\  7 

22.7 

36.4 

33.3 

66.7 

(45.0) 

7.6 

6.1 

3.0 

.  6.1 

13 

5 

0 

1 

17 

76.5 

17.6 

0 

5.9 

25.8 

30.2 

27.5 

0 

16.7 

(29.2) 

19.7 

4.5 

0 

1.5 

11 

3 

0 

1 

15 

73.3 

20.0 

0 

6.7 

22.7 

25.6 

27.3 

0 

16.7 

(30.2) 

16.7 

4.5 

0 

1.5 

43 

11 

6 

6' 

66 

65.2 

16.7 

9.1 

9.1 

100.0 

KW  Chi  Square 

4.81 

df 

o 

Significance 

.02 

3-M  % 


377 


Table  214 

Interview  Data  Analyses :   Molarity  -  Problem  1 
Teaching  Strategies 


Approach  Taught 

Total 

7 

« 

V 

15 

46  7 

53.3 

23.4 

racior  LaDci 

13.5 

66.7 

10.9 

12.5 

0 

39 

i  nn  n 

29.7 

36.5 

0 

29.7 

0 

* 

19 

0 

19 

100.0 

0 

29.7 

Diagram 

36.5 

0 

29.7 

0 

7 

4 

11 

63.6 

36.4 

17.2 

Proportion 

•  13.5 

33.3  ■ 

10.9 

6.3 

Total 

52 

12 

64 

81.3 

18.8 

100.0 

Chi  Square  22.78 

df  3 

V  .60 

Significance  <.0001 


0  " 


{  O 


Table  215 


Interview  Data  Analyses :   Molarity  -  Problem  2 
Teaching  Strategies 


Teaching 
"•Strategy 


, Factor- 
Label  ' 


Analogy 

Diagram 

Proport  ion 
Total 


Approach  Taught  

tl  ^V       1     *  Total 


8 

53.3 
15.7 
12.5 

19 
100.0 
37.3 
29.7 

19 
10©.  0 
37.3 
29.7 

5 

45.5 
9.8 
7.8 

51 
79.7 


7 

46.7 
53.8 
10.9 

0 
0 
0 
0 

D 

■  0 
0 

o  • 

6 

54.5 
46.2 
9.4 

13 

20.3' 


Chi  Square 

df  . 
V  • 

Significance 


'  Arithmetic  Approach 
0  1  lotaT 


1  c 
-J 

10 

5 

15 

66.7 

33.3 

'  23 .4 

34.5 

14.3 

15.6 

7.8 

1Q 

13 

19 

29.7 

31.6 

68.4 

29.7 

20.7 

37.1 

9.4 

20.3 

1Q 

4 

15 

19 

29.7 

21.1 

78.9 

29.7 

15.8 

42.9 

6.5 

23.4 

'  11 

9 

2 

11 

17.2 

81.8 

18.2  * 

17.2 

31.0 

5.7 

14.1 

3.1 

o 

64 

29 

55 

64 

100.0 

t 

45.3 

'54.7 

100.0 

_  * 

24.09 

Chi  Square 

14.63 

3 

df 

3 

.61 

V 

.48 

<.0001 

Significance 

.002 

ERiC 
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Table  216 


Teaching 
Strategy 


Factor-Label 

Analogy  7 

Diagram 

Proportion 
Total 


Interview  Data  Analyses :  Molarity 
Teaching  Strategies 


Problem  -  3 


Approach  Taught  ' 


Arithmetic  Appi^ch 
0  1  Total 


Nonsystemnatic Approach 
— IT          1  Total 


6 

9 

*  15 

13 

2 

15 

15 

0 

15 

40.0 

60.0 

23.4 

86.7 

13.3 

23.4 

aeo.o  , 

0- 

23.4 

11.8 

69.2 

29.5 

10.0 

27.3 

0 

9.4 

14.1 

20.3 

3.1 

23.4 

0 

19  , 

0 

19 

11 

8 

19 

13 

6 

19 

100.0 

0 

29.7 

57.9 

42.1 

2917 

68.4 

31.6 

29.7 

37.3 

0 

25.0' 

40."0 

23.6 

66.7 

29.7 

0 

17.2 

12.5 

20.3 

9.4 

19 

0 

19 

10 

9 

19 

17 

2 

19 

100.0 

U 

29.7 

52.6 

47.4 

29.7 

89.5 

10.5 

29.7 

37.3 

0 

22.7 

45.0 

30.9 

22.: 

29.7 

0 

15.6 

14.1 

26.6 

3.1 

7 

4 

11 

10 

1 

11 

10 

1 

11 

63.6 

36.4 

17.2 

90.9 

9.1 

17.2  ; 

90.9 

9.1 

17.2 

13.7 

30.8 

22.7 

5.0' 

18.2 

11.1 

10.9 

6.3 

15.6 

1.6 

'  15.6 

1.6 

51 

13 

64 

44 

20 

64 

55 

9 

64 

79.7 

20.3 

100.0 

68.8 

31.  j 

100.0 

85.9 

14.1 

100.0 

Chi  Square 

26.03 

Chi  Square 

8,09 

Chi  Square 

7.70 

df 

3 

df 

3 

df 

3 

V 

.64 

V 

.35 

V 

.35 

Significance  <  .0001 


Significance  .04 


Significance  .05. 


Table  217 


Interview  Data  Analyses:    Molarity  -  Total 
Teaching  Strategies 


'f 


Teaching 
Strategy 


TT 


Factor- 
Label 


Analogy 

Diagram 

Proportion 
Total  - 


4 

26.7 
9.1 
6.3 

19 
100.0 
43.2 
29.7 

19 
100.0 
*43.2 
29.7 

2 

18.2 
4.5 
3.1 

44 
68,8 


^Approach  Taught 


4 

26.7 
50.0 
6.3 

0 
0 
0 
0 


0 
0 

0 


4 

56.4 
50.0 
6.3 

8 

12.5 


1 

6.7 
16.7 
1.6 

0 

0 
0 
0 

0 
.  0 
0 
0 

5 

45.5 
83.3 
7.8* 

6 

9.4 


KW  Chi  Square  40.18 
df  .  .9 

Significance  <.0001 


Total 


Arithmetic  Approach 


U 

1  c 

8/ 

"2 

4 

23.4 

5*3.3 

13.3 

26.7 

100.0 

(47.2)  . 

• 

38.1 

22.2 

21.1 

9.4 

12.5 

3.1 

6.3 

r 

19  . 

5 

-0 

8 

0 

29.7 

26.3 

0 

42.1 

0 

(22.5) 

23.8 

/  0 

42.1 

0 

7.8 

0 

12.5 

0 

19 

2 

4 

5 

( 1 

29.7 

10.5 

21.1 

26.3 

0 

(22*5)  • 

•  9.5 

44.4 

26".  3 

0 

3.1 

-7.8 

0 

11 

6 

3 

'  2 

a* 

17.2 

54.5 

18.2 

0 

(47.0) 

28.6 

'  33.3 

10.5 

0 

9.4- 

,  4.7 

3.1 

b 

64 

21 

9 

19 

9.4 

100.0 

3i- .  8 

•  14.1 

29.7 

1 

6.7 
6.7 
1.6 

6 

31.6 
40.0 
9.4 

8 

42.1 
53.3 
12.5 

0 
0 
'  0 
0 

15 

/  -A. 

/ 

KW  CM  Square  14.69 
df  '9 
Significance  .002 


Total 


15 
23.4 
(23.8) 


19 
29.7 
(37.7) 


19 
29.7 
(41.2) 


XI 
17.2 
(20.4) 


64 
100.0 


Jf  o 


33. 


324  > 

» 

the  method  taught  than  students  taught  by  the  diagram  or  the  analogy  methods. 
Students  may  have  forgotten* the  diagram  or  used  the  analogies  covertly, 

^Arithmetic  approach.    Moles,  all  problems  (Tables  195,  196,  197,  198), 
gas  laws,  all  problems  (Tables  200,  201,  202,  204)  ,stoichiometry,  all  problems 

i 

(Tables  206,  208,  210,212)  and  molarity,  problems  2,3,  total (Tables  215,  216, 

t  i  < 

217).    Students  taught  using  the  analogy  and  diagram  methods  used  arithmetic 
instead  of  the  approach  taught. 

Nc^ystentuajtilc  approach.    Moles,  total  (Table  199),  stoichiometry,  all 
problems  (Tables||06,  209,  211,  213),  and  molarity,  problem  3  (Table  23J3) •  Stu- 
dents  who  used  the  analogy  and  diagranmatic  methods  were  nonsystenmati9  more 
frequently  when  solving  moles  problems.    Students  using  the  analogy  method  were 
nonsystemmatic  more  frequently  solving  stoichiometry  problems  and  for  molarity 
problem  ^.  j 

No  answer  given.    Stoichiometry,  problems  1,  2  (Tables  207,  209).    Students  who 
used  the  diagramic  method  gave  no  answers  more  frequently. 

Algorithmic  strategy.    Gas  laws,  problem  2,  total  (Tables  201,  205).  Stu- 
dents taught  the  proportional  method  used  an  algorithmic  strategy  more  frequently. 

Algorithmic/reasoning  strategy.    Gas  laws,  problem  2,  toual  (Tables  201,  205). 
This  strategy  was  used  primarily  by  students  taught  by  the  analogy  method  and 
least  by  students  taught  by  the  proportionality  methods. 

Random  trial  and  error.    Stoichiometry,  problem  3,  total  (Tables  211,  213). 
This  strategy  was  Used  primarily  by  persons  taught  the  analogy  method. 

Misapplies  infonnation.    Gas  laws,  problem  3,  total  (Tables  203,  205).  Students 
taught  by  the  diagram  method  more  frequently  misapplied  relevant  information  gen- 
erated in  previous  stepS. 

Does  not  generate.    Moles,  problem  3,  total  (Tables  197,  199).  ,  Students  who 
used  the  factor- label  method  more  frequently  did  not  generate  information  from 

3*; 
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memory  needed  to  solve  the  problem.    The  next  most  prevalent  method  was  the 
proportionality  method. 

Conments  about  solution.    Gas  laws,  probiem  3  (Table  203).    Students  who 
used  the  factor- label  method  commented  about  the  solution  most  frequently, 
whereas  students  who  used  the  proportionality  method  commented  least  frequently. 
Hypothesis  5 

There  are  no  significant  differences  in  chemistry  problem  solving  strategies 
used  by  students  who  solved  the  problem  correctly  versus  .those  who  did  not  . 

Data  were~analyzed  according  to  whether  the  student  gave  a  correct  answer 
to  the  problem.    Table  2l8  gives  information  on  the  number  of  students  getting 
each  problem  correct.    Table  "219  summarizes  the  findings  and  Tables  220-282 
give  details  when  findings  were  significant. 

Reading/organizing.    Gas  laws,  problem  2  (Table  243).    Generally  students 
who  got  the  problem  correct  used  more  of  these  skills.    However,  there  was  a 
group  of  students  that  used  organizing  skills  frequently  who  missed  the  problems. 

Rereads  or  states.    Gas  laws,  problem  2  (Table  243)  and  stoichiometry, 
problem  2  (Table  ^56  ) .    Students  vho  reread  or  restated  the  problem  more  fre- 
quently did  not  work  the  problem  correctly. 

Mnemonics .    Gas  laws,  total  (Table  250).    In  general,  students  who  used 
mneumonic  notation  were  more  likely  to  get  the  problem  correct. 

Systemmatic  approach.    Moles,  problems  1,3,  total  (Tables  220,  230,  234) 
stoichiometry,  all  problems  (Tables  252,  255,  259,  262)  and  molarity,  problems 
1,  3,  total  (Tables  265,  276,  279).    Students  who  used  a  systematic  approach 
more  frequently  got  the  problem  correct. 

Arithmetic  approach.    Moles,  all  problems,  (Tables  220,  225,  230,  234), 
and  molarity,  problem  1  (Table  265).    Students  who  got  the  problem  correct  more 
frequently  used  an  arithmetic  approach. 
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Table  218 
Distribution  of  Students  According 
to  Success  on  Problems 


Unit 


Problem  1 


Prob: 
rfeoF 


lem  2 


Problem  3 


Correct   Incorrect     \CorreA   Incorrect      Correct  Incorrect 


Moles 

39 

35 

35 

39 

12 

62 

Gas  Laws 

29 

35 

17 

47 

2 

62 

Stoirhiometry 

18 

48 

17 

49 

5 

61  ' 

Molarity 

19 

45 

8 

56 

10 

54 

0 

ERIC 


Tabic  219 

Summary  of  Significant  Findings:    Problem  Solved  Correctly 


Moles 


Gas  Laws 


Protocol  Categories 


* Reading/Organizing 

Rereads  or  Stating? 

Ntieumonics 
Production 
Systematic 

Approach  Taught 

Arithmetic 

Nonsys  terrmatic 

No  Answer 
Strategy 

Algorithmic 

* 

Alg/Reasoning 

Random  T  G  B 
Structural  Error 
Misinterprets 

Disregards  given 

Disregards  gen 

Misapplies 
Not  gene  me 


3^* 


"PI5      P2D  py 


Stoichiometry 


Molarity 


PI 


P2 


P3 


:  16.72 
<  0001 


7.86 
.005 


15.37 
.001 


13.78  8.19  9.61  2K29 
.0002    .004      .002  .0001 


7.76 
.005 

3.92 
.05 


5.51 
.02 


8.99 
.03 


12.15 
.007 


8.21  18.24    19.74  41.02 

.004  <  .0001  < .0001  <  .0001 

6.59 

.01  * 


3.98 
.05 


4.84 
♦03 


10.14 
.02 


8.55 
.004 


518? 
.05* 


512 
.03 


8.01 
.05 


4.29 
.04 


7.37 
.01 


13.67 
.003 


PI 


P2 


P3 


PI 


P2 


P3 


5.05 
.02 


D  J  J> 

.05 


S.12  3.73  16.38 
.004     .05  .001 


12.86 
.005 


8.49 
.04 

14.87  20.26  12.66  3^.54 
.0001  ^0001    .0004  '.0001 


6.S2 
.01 


3.79 
.05 


8.35  14.68 
.004  .002 


4.53 
.03 


10.28  3.94 
.001  .05 


9.9S 
.02 

8.70 
.03 


19.12 
.0003 


38.87  15.43  30.97  44,84 
^0001    .0001  <  .0001  <.0001 


4.02 
.04 


3S3 


*0 


Holes 


Tabic  219  (continued) 

Significant  Findings:    Problem  Solved  Correctly  

Gas  gaws  Stoichiosietry 


^Molarity 


PI 


P2  P3 


•Evaluation 

33 
.002 

*Comnents  about  Solution 

1022 
.0001 

962 
.0002 

522 

P1 

22.76 
<  nnm 

676 
.003 

*S10 
.02 

648 
.0004 

64S 
.0001 

*  Executive  Errors 

780 
.02 

770 
.03 

682 
.0002 

561 
.002 

9.40 
.02 

*  Problems  Correct 

X 

X 

X, 

X 

X 

X 

X 

X 

X 

•Questions  Correct 

406 
.002 

471 

.02  " 

234 
.03 

13.24 
.004 

14 

.02 

•Question  w/o  Prompting 
Structural  Errors 

320 

.0001, 

360 
.0004 

140 

.0005 

23.65 
<.0001 

307 
.004 

9.73 
.02 

283 
.03 

204 
.001 

Section*1  1  *  1 

X 

X 

X 

X 

11.4 

.uz 

X 

X 

X 

32.92 
c .0001 

X 

Section  1-2 

X 

X 

X 

X 

29.75 
< .0001 

X 

X 

X 

26.30 
< .0001 

X 

Section   2  -  1 

X 

X 

X 

X 

X 

X 

X 

X 

12.40 

nrP 
.  uu  _ 

*> 

Section   2  -  2 

X 

X 

X 

X 

X 

29.76 
* .0001 

X 

X 

X 

42.81 
< .0001 

Section   3  -  1 

X 

X 

X 

X 

X 

X 

X 

-  X 

X 

Section   3  -  2 

X 

X 

0 

X 

X 

X 

X 

19.96 
.006 

X 

X 

X 

Section   3  -  3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

.  PI        P2  P3 


PI 


P2  P3 


227^22.60 


62  ■  14.70 
.02  .002 

X  x 


PI  P2 


P3 


553 
.02 


209 
.04 

435  13.77 

.0004  .003 


X  * 


271  78  121'  19.23 
.001     .002     .005  .0002 


279  109 
.02  .02 


24.64 
.0009 

39.49 
<.0001 

X 
X 
X 


27.05  X 
<.0001 


10.17 
.02 


25.68 
.0003 

13.36 
.04 


X      20.17  X 
.01 

X      38.72  X 
<.0001 

X      30.29  X 
<.0001 


3  b  j 
ERIC 


•Category  sun 
\   aProblem  1 
bProblem  2 
cProblem  3 
dSx\  of  Preble 


Statistic 


1.  2  §  3 


fProbability  level 

&Sun  of  rereads  and  restates  subcategories 
^Section  on  supplementary  coding  sheet 
*Not  meaningful 


04 


Table  220 


No 

Yes 
Total 


Interview  Data  Analyses:   Moles  -  Problem  1 
Problem  Solved  Correctly 


Problems  Systemnatic  Approach* 
Correct  0  1  Total 


14h 
40.0° 

100. 0^ 

-  18. 9d 


0 

0 
0 
0 

14 
18.9 


21 
60.0 
35.0 
28.4 

39 
100.0 
65.0 
52.7 

60 
81.1 


Chi  Square 

df 

Phi 


Arithmetic, Approach 
"0  1  Total 


Nonsystemnatic  Approach 
~~ 0  T  Total 


35 

22 

13 

35 

27 

8 

35 

47.3 

62.9 

37.1 

47.3 

77.1 

22.9 

47.3 

75.9 

28.9 

40.9 

100.0 

29.7 

17.6 

36.5 

10.8 

39 

7 

32 

39 

39 

0 

39 

52.7 

17.? 

8^.1 

52.7 

100.0 

0 

52.7 

24.1* 

71.1 

59.1 

0 

9.5 

43.2 

52. -7 

0 

74 

29 

45 

74 

66 

8 

74 

100.0 

39.2 

60.8 

100.0 

89.2 

10.8 

100.0 

16.72* 

Chi  Square 

13.78 

Chi  Square 

7.76 

1 

df 

1 

df 

1 

.510  • 

Phi 

.460 

Phi 

'  .367 

<.0001 

Signif 

icance 

.0002 

Significance  < 

.005 

?Count 
Row  percentage 
^Column  percentage 
^otal  percentage 


391 
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Table  221 

Interview  Data  Analyses:   MDles  -  Problem  i 
Problem  Solved  Correctly 


Problems 
Correct 


No  Answer  Given 

Total 


T 


30 


35 


85.7 

14.3 

47.3 

No 

43.5 

100.0 

40.5 

6.8 

39 

0 

39 

100.0 

0 

52.7 

Yes 

56.5 

0 

52.7 

0 

Total 

69 

5 

74 

93.2 

6.8 

100.0 

Chi  Square  3.92 

df  1 

Phi  .284 

Significance  .05 


Algorithmic  Reasoning 


T 


Strategy 


Total 


33 
94.3 
56.9 
44.6 

25 
64.1 
43.1 
33.8 

58 
78.4 


2 

5.7 
12.5 
2.7 

14 

35.9 
87.5 
18.9 

16 
21. e 


Chi  Square 

df 

Phi 

Significance 


35 
47.3 


39 
52.7 


74 
100.0 

8.21 
1 

.366 
.004 


0 


Use  ot  Kandom 
Trial  and  Error 

T  Total 


26 
74.3 
40.6 
35.1 

38 
97.4 
59.4 
51.4 

64 
86.5 


9 

25.7 
90.0 
12.2 

1 

2.6 
10.0 
1.4 

10 
13.5 


Chi  Square 

df 

Phi 

Significance 


35 
47.3 


39 
52.7 


74 
100.0 


6.59 
1 

.338 
.01 
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Table  222 


v. 


Problems 
Correct 


No 

Yes 
Total 


Interview  Data  Analyses :   Moles  -  Problem  1 
Problem  Solved  Correctly 


Comments  About  Solution 
— [  2  3— 


Total 


16h 

15 

3 

1 

35 

45. 7b 

42.9 

8.6 

2.9 

47.3 

30.  lc. 

88.2 

100.0 

100.0 

(47.2) e 

21  6d 

20.3 

1.4 

1.4 

37 

2 

0 

39 

94.9 

5.1 

^  0 

0 

52.7 

6<\8 

11.8 

0,  • 

0 

(28.fi)' 

FO.O 

2.7 

'  0 

0 

53 

17 

,  3 

1 

74 

71.6 

25.0 

4.1 

1.4 

100.0 

fCount 

^Row  percentage 
^Column  percentage 
'Total  percentage 
°Mean  rank 


Mann-Whitney  U  1022 
Wilcoxon  Rank  Sum  W  1652 
Z  4.67 
Significance  <  .0001 


0 


lixecut  ive  Errors 
 1  Total 


30 
85.7 
43.5 
40.5 

39 
100.0 
56.5 
52.7 

.  69 
93.2 


5 

14.5 
100.0 
6.8 

0 
0 
0 

0 

5 

6.8 


35 
47.3 
(40.3) 

39 
52.7 
(35.0) 


74 
100.0 


Mann-Whitney  U  780 
Wilcoxon  Rank  Sum  W  1410 
Z  *  2.43 

Significance  .02 


393 


1 

» 
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• 

Table  223  '. 

\ 

o 

Interview  Data  Analyses:   Moles  -  Problem  1 
,             Problems  Solved  Correctly 

^  Problems 

9 

— ■ — ■ — — — t  ■ 

fkiftsiions  Correct 

6 

Total 

Correct 
Do 

L 

3 

8.6 

75.0 
4.1 

5           9  4  8 

14.3  25.7  22.9 

71.4  75.0  47.1 
6.8       12.2  10.8 

10 
28.6 
29.4 
,  13.5 

35 
47.3 

(29.6)  ^ 

Yes 

1 

2.6 
25.0 
1.4 

2           3  9 
5.1        7.7  23.1 
28.6       25.0  52.9 
2.7  "      4.1  1.2.2 

24 
61.5 
70.6 
32.4 

to 
52.7 
(44.6) 

Total 

j 

4 

5.4 

7          12°  17 
9.5       16.2  23.0 

34 
45.9 

74 
100.0  - 

* 

Mann-Whitney  U  406 
Wllcoxon  Rank  Sum  W  1036 
Z  -3.18 
Significance            .002  . 

> 

• 

* 

L 

• 

391 

1 
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Table  224 

Interview  Data  Analyses :   Moles  -  Problem  1 
Problems  Solved  Correctly 


Problems 
Correct 


No 


Yes 


Total 


T 


Questions  Correct  Without, Promoting 


fVtal 


2~  - 

'  4  ' 

12 

6 

6 

5  . 

0 

*■  35 

5.7 

11.4 

34.3 

17.1 

17.1 

14  3 

0 

47.3 

66.7 

'  100.0 

75.0 

•  46.2 

42.9 

27.8 

0  , 

(27.2) 

2.7, 

5.4 

16.2 

8.1 

8.1 

6.8  . 

i 

0 

1 

'  0 

4 

7 

8 

13 

S 

39 

2.6 

0 

10.3 

17.9 

20.5 

33.3 

15.4 

52.7 

33.3 

0 

25.0 

53.8 

57.1 

72.2 

100.0 

(46.8) 

1.4 

0* 

,  5.4 

9.5 

10.8 

17.6 

8.1 

3 

4 

16 

13 

14 

18 

6 

74 

4.1 

5.4 

21.6 

17.6 

18.9 

24.  * 

8.1 

100.0 

Mann-Whitney  U 

320 

4 

Wilcoxon  Rank  Sum  W 

950 

Z 

-3.99 

Significance 


.0001 


39; 
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,  Table  22S 


Interview  Data  Analyses :    Moles  -  Problem  2 
Problem  Solved  Correctly 


Problems 
Correct 


No 

Yes 
Total' 


Chi  Square  8.19 

df  1 

Phi  -3o 

Significance  . 0d4 


Aigoritnmic 
Strategy  Only 


'0 

i 

o 

24 

15 

39 

'  15 

61.5 

38.5  . 

52.7 

38.5 

72.7 

36.6 

38.5 

32.4 

20.3 

20.3 

9 

20 

35  . 

24 

25.7  ~ 

74.3 

47.5 

68.6 

27.3 

63.4 

61.5 

12.2 

35.1 

32.4 

33 

41 

74 

39 

44.6  ■ 

55.4 

100.0 

52.7 

Total 


24  39 

61.5  52.7 
68.6 
32.4 

11  35 

31.4  47.3- 
31.4 
14.9 

35  74 
47.3    .  100.0 


Chi  Square  5.55 

df  1 

Phi  .30 

Significance  .02 


Mgor-'.tnmic 
Re*»5onine  Strate 


89.7 
71.4 
47.3 

14 
40.0 
28.6 
18.9 

49 
66.2 


'  4. 
10.3 
16.0 
5.4 

21 
60.0 
84.0 
28.4 

25 
33.8 


Chi  Square 

df 

Phi 


Tot 


otaT 


18.24 
1 

,  -52 


Significance  <.0001 


ERIC 


Table  226 

Interview  Data  Analyses:  -  Mo  14s  -  Problem  2 
Problem  Solved  Corr^ftly 


Disregards 
Information  Generated 
Total 


Correct 

n 

1 

33 

6 

84.6 

15.4 

No 

48.5 

100.0 

44  .£ 

• 

8.1 

35 

.  0 

100.0 

0 

Yes 

51.5 

0 

•    *  "47^> 

0 

Total 

68 

6 

91.9 

8.1 

59 
52.7 


35 
47.3 


74 
100.0 


Chi  Square  5.98 

df  1 

Phi              '  .28 

Significance  .05 


Needed  intormation 
Not  Generated 

•  Total 


T 


30 
76.9 
46.9 
40.5 

34 
97.1 
53.1 
45.9 

64 
86.5 


9 

23.1 
90.0 
12.2 

•  1 
2.9 

10.0 
1.4 

10 
13.5 


39 
52.7 


35 
47.5 


74 
100.0 


Chi  Square  4.84 

df  1 

Phi  .29 

Significance  .03 


397 
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Table  227 


Interview  Data  Analyses:    Moles  -  Problem 
Problem  Solved  Correctly 


Comments  About  Solut j on 


Correct 

0 

1 

2 

Total 

19 

*-  16 

4 

39 

48.7 

41.0 

10.3 

52.7 

No 

'  38.0 

80. P 

100.0 

(44.7) 

25.7 

2i:e 

5.4 

31 

4 

0 

35 

88.6 

11.4 

0 

47.3 

Yes 

62.0 

20.0 

0 

(29.5) 

41.9 

5.4 

0 

Total 

50 

20 

4 

74' 

67.6 

27.0 

5.4 

100.0 

Mann-Whitney  U  962 

Wilcoxon  Rank  Sum  W  1035 

Z  3.70 

Significance  .0002 


Executive  Errors 
 1  TStaT 


87.2 
49.3 
45.9 

35 
100.0 
50.7 
47.5 

69 
93.2 


5 

12.8 
100.0 
6.8 

0  0 

0 
0 
0 

5 

6.8 


39 
52.7 
(39.7) 


35 
47.3 
(35.0) 


74 
100.0 

Mann-Khitney  U  770 
Wilcoxon  Rank  Sum  W  1225 
Z  2.18 
Significance  .03 


-  A 


3l33 


ER?C 
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Table  228 

Interview  Data  Analyses:    Moles  -  Problem  2 
Problems  Solved  Correctly 


Problems 

Cm  t  a £?  ^  "i  ^>t^ c" 

i^ues  txons 

Correct 

Correct 

2 

3  4 

5 

6 

Total 

A 

4 

5  8 

8 

1  A 

39 

10.3 

12.8  20.5 

20.5 

No 

UOO  .0 

71.4  66.7 

47.1 

41.2 

f32  11 
\.JL  •1J 

6.8  10.8 

10.8 

18.9 

0 

2  4 

9 

20 

35 

0 

5.7  33.3 

25.7 

57.1 

47.3 

Yes 

0 

28.6  11.4 

52.9 

58.8 

(43.5) 

0 

2.7  5.4 

12.2 

27.0 

Total 

4 

7  12 

17 

34 

74 

5.4 

9.5  16.2 

23.0 

45.9 

100.0 

Mann-Whitney'U 

471 

Wilcoxon  Rank 

Sum  W 

1524 

Z 

-2.43 

Significance 

.02 

ERIC 


39J 


Problems 
Correct 


No 

■ 

Yes 
Total 


Table  229 

InteTview  Data  .Analyses:   Moles  -  Problem  2 
Problems  Solved  Correctly 


Questions  Correct  Without  Prompting 
T  T  ¥  4         5  * 


Maiin-Vfoitney  U  560 

Wilcoxon  Rank  Sum  W  1634 

Z  -3.55 

Significance  .0004 


Total 


3 

4 

12. 

5 

8 

6 

1 

39 

7.7 

10.3 

30.8 

12.8 

20.5 

15.4 

2.6 

52.7 

100.0 

100.0 

75.0 

38.5 

57.1 

33.3 

"  16.7 

(29.2) 

4.1 

5.4 

- 16.? 

6.8 

10.8 

8.1 

1.4 

0 

0 

4 

8 

6 

12 

5 

35 

0 

0 

11.4 

22.9 

17.1 

34.3 

14.3 

47.3 

0 

0 

25.0 

61.5 

42.9 

66.7 

83.3 

(46.7) 

0 

0 

5.4 

10.8 

8.1 

16.2 

6.8 

3 

4 

16 

13 

14 

18 

35 

74 

4?1 

*  5.4 

21.6 

17.6 

18.9 

24.3 

47.3 

100.0 

i  l/»  ' 


ERIC 


Table  230 

Interview  Data  Analyses:   Moles  -  Problem  3 
Problem  Solved  Correctly 


Problems 
Correct 


Systematic  Approach 
T)  I  Total 


Arithmetic  Approach 
"0  1  Total 


No 


Yes 


Total 


30 

32 

62 

43 

48.4 

51.6 

83.8 

69.4 

100.0 

72.7 

95.6 

40.5 

43.2 

58.1 

0 

12 

12 

2 

0 

100.0 

16.2 

16.7 

0 

27.3 

4.4 

0 

16.2 

2.7 

30 

44 

74 

45 

40.5 

59.5 

100.0 

60.8 

Chi  Square  7.86 

df  1 

Phi  .36 

Significance  .005 


19 
30.6 
65.5 
25.7 

10 
83.3 
34.5 
13.5 

29 
39.2 


Chi  Square 

df 

Phi 

Significance 


62 
83.8 


12 
16.2 


74 
100.0 

9.61 
1 

.40 
.002 


Table  231 


Problems 
Ooirect 


No 

Yes 
Total 


Interview  Data  Analyses:   Moles  -  Problem  3 
Problem  Solved  Correctly 


Algorithmic 


1 

Total 

52 

10 

62 

83.9 

16.1 

83.8 

96.3 

50.0 

70.3 

13.5 

2 

10 

12 

16.7 

83.3 

16.2 

3.7 

50.0 

2.7 

13.5 

54 

20 

74 

73.0 

27.0 

100.0 

Chi  Square 

19.74 

df 

1 

Phi 

.56 

Significance 

<  .0001 

Coranents  About  .Solution 

"  2  TotaT 


1 


32 

28 

2 

62 

51.6 

45.2 

3.2 

83.8 

74.4 

96.6 

100.0 

(39.9) 

43.2 

37.8 

2.7 

11 

1 

0 

12 

91.7 

8.3 

0 

16.2 

25.6 

3.4 

0 

(25.0) 

14.9 

1.4 

0 

43 

,  29 

2 

74 

58.1 

39.2 

2.7 

100.0 

Mann- Whitney  U- 
Wilcoxon  Rank  Sum  W 

Z 

Significance^ 


522 
300 
2.55 
.01 


ERIC 


Table  232 

Interview  Data  Analyses :  Moles  -  Problem  3 
Problems  Solved  Correctly 


Problems 
Correct 

Questions  Correct 

2 

— 

3 

4 

5 

A 
U 

Total 

4 

7 

i: 

13 

7ft 

62 

11  ^ 

19.4 

21.0 

41.9 

82.8 

No 

100.0 

100.0 

100.0 

76.5 

76.5 

(35.3) 

5.4 

^.5 

16.2 

17.6 

35.1 

0 

0 

0 

4 

8 

12 

0 

0 

0 

33.3 

66.7 

16.2 

Yes 

0 

0 

0 

23.5 

23.5 

(49.0) 

0 

0 

0 

5.4 

10.8 

Total 

4 

7 

12 

17 

34 

74 

5.4 

9.5 

16.2 

23.0 

45.9 

100.0 

Mann-Wiitney  U 

234 

Wilcoxon  Rank  Sum  W 

588 

Z 

-2.15 

Significance 

.03 

ERIC 


403 


Table  233 

Interview  Data  Analyses :   Moles  -  Problem  3 
Problems  Solved  Correctly 


Correct 


No 


Yes 


Total 


Questions  Correct  Without  Prompting 
— 2  .3  4  5 


3 

4 

16 

13 

12 

8 

6 

4.8 

6.5 

25.8 

21.0 

19.4 

12.9 

9.7 

,100.0 

100.0 

100.0 

100.0 

85.7 

44.4 

100.0 

■  4.1 

5.4 

21.6 

17.6 

16.2 

10.8 

8.1 

0 

0 

0 

0 

2 

10 

0 

0 

0 

0 

0 

16.7 

83.3 

0 

0 

0 

0 

0 

14.3 

55.6 

0 

0 

0 

0 

0 

2.7 

13. 5 

0 

3 

4 

16 

13 

14 

18 

6 

4.1 

5.4 

21.6 

17.6 

18.9 

24.3 

8.1 

"Total 


62 
83.8 
(33.8) 


12 
16.2 
(56.8) 


74 
100.0 


Mann-Whitney  U  140 
Wilcoxon  Rank  Sum  W  682 
Z  -3.47 
Significance  .0005 


Table  234 


Interview  Data  Analyses:   Moles  -  Total 
Problem  Solved  Correctly 


Problems 
Correct 

Systenmatic  Approach 

Arithmetic  Approach 

0 

 1 

2 

3 

Total 

"  0 

1 

2 

3 

6 

4 

7 

10 

LI 

1  A 

5 

5 

3 

11. 1 

14.8 

25.9 

37.0 

Xf*  C 
jO.  j 

Q1  Q 

18.5 

18. 5 

ii  i 
n.i 

A 

u 

or  n 

85.7 

50.0 

33.3 

26.3 

6fl  Q 

ou  •  y 

50.0 

27.8 

13.0 

8.1 

5.4 

9.5 

13.5 

18.9 

6.8 

6.8 

4.1 

1 

3 

7 

5 

i  f. 
10 

C 

D 

3 

6 

2 

,  0.3 

18-.  8 

43.8 

31.3 

91  fx 

Zl.  O 

XI  X 

18.8 

37.5 

IT  C 

12.5 

1 

1 

14 .3 

37.5 

33.3 

13.2 

(W   1 1 

71  7 

30.0 

33.3 

8.7 

1.4 

4.1 

9.5 

6.8 

6.8 

4.1 

8.1 

2.7 

U 

1 

7 

15 

IX 

A 

1 

7 

11 

0 

4.3 

30.4 

65.2 

31.1 

17.4 

4.3 

30.4 

47.8 

2 

0 

12.5 

33.3 

39.5 

C*4.6J 

1*7  /I 
1/.4 

10.0 

38.9 

47.8 

0 

M 

9.5. 

20.3 

5.4 

1.4 

9.5 

14.9 

0 

0 

0 

g 

o 
0 

U 

1 

0 

1 

o 

vf 

0 

0 

100.0 

10.8 

o 

12.5 

0 

87.5 

3 

0 

0 

0 

21.1 

(55.5) 

0 

10.0 

o  ! 

30.4 

0 

0 

0 

10.8 

0 

1.4 

o  ' 

9.5 

Total 

7 

8 

21 

38 

74 

23 

10 

18 

2.3 

9.5 

10.8 

28.4 

51.4 

100.0 

31.1 

13.5 

24.3 

31.1 

KW  Chi  Square 

15.37 

KW  Chi  Square 

21.29 

df 

9 

df 

9 

Significance 

.001 

Significance 

.0001 

Total 


74 
100.0 


Table  235 


Interview  Data  Analyses:   Moles  -  Total 
Problem  Solved  Correctly 


Nonsystemnatic  Approach- 


Total 


IT 


Algorithmic  Strategy  Only 
— *T  2  3  Total 


15 
55.6 
28.8 
20.3 

10 
62.5 
19.2 
13.5 

19 
82.6 
36.5 
25.7 

8 

100.0 
15.4 
10.8 

52 
70.3 


7 

25.9 
53.8 
9.5 

2 

12.5 
15.4 
2.7 

4 

17.4 
30.8 
5.4 

0 
0 
0 
0 

13 
17.6 


3 

11.1 
50.0 
4.1 

3 

18.8 
50.0 
4.1 

0 
0 
0 
0 

0 
0 
0 
0 

6 

8.1 


2 

7.4 
66.7 
2.7 

1 

6.3 
33.3 
1.4 


27 
36.5 
(43.0) 


16 
21.6 
(41.3) 


6 

22.2 
28.6 
8.1 

1 

6.3 
4.8 
1.4 


5 

18.5 
27.8 
6.8 

5 

31.3 
27.8 
6.8 


0 

23 

8 

7 

0 

31.1 

34.8 

30.4 

0 

(32.2) 

38.1 

38.9 

0, 

10.8 

9.5 

0 

8 

6 

1 

0 

10.8 

75.0 

12.5 

0 

(26.5) 

28.6 

5.6 

0 

8.1 

1.4 

3 

74 

21 

18 

4.1 

100.0 

28.4 

24.3 

KW  Chi  Square 
df 

Significance 


8.99 
9 

.03 


4 


8 

29. 6, 

40.0 

10.8 

6 

37.5 
30.0 
8.1 

5 

21.7 
25.0 
6.8 

1 

12.5 
5.0 
1.4 

20 
27.0 


KW  Chi  Square 
df 

Significance 


8 

29.6 
53.3 
10.8 

4 

25.0 
26.7 
5.4 

3 

13.0 
20.0 
4.1 

0 
0 
0 
0 

15 
20.3 


27 
36.  S 
(42.6) 


16 
21.6 
(45.5.) 


23 
31.1 
(32.6) 


8 

10.8 
(18.3) 


74 
100.0 


12.15 
9 

.007 


0 


Table  236 


Interview  Data  Analyses :   Moles  -  Total 
Problem  Solved  Correctly 


Problems 
Correct 


Total 


Algorithmic  Reasoning.  Strategy  

!  2  3  Totil 


25 
92  .-6 
55.6 
33.8 

13 
81.3 
28.9 
17.6 

7 

30.4 
15.6 
9.5 

0 
0 
0 
0 

45 
60.8 


1 

3.7 
12.5 
1.4 

.  3 
18.8 
37.5 
4.1 

3 

13.0 
37.5 
4.1 

1 

12.5 
12.5 
1.4 

8 

10.8 


1 

3.7 
10.0 
1.4  , 

0 
0 
0 
0 

8 

34.8 
80.0 
10.8 

1 

12.5 
10.0 
1,4 

10 
13.5 


0 
0 
0 
0 

0 
0 
0 
0 

5 

21.7 
45.5 
6.8 

6- 
75.0 
54.5 
8.1 

11 
14.9 


27 
36.5 
(25.3) 


16 
21.6 
(28.0) 


23 
31.1 
(48.8) 


8 

10.8 
(65.3) 


74 
100.0 


Needed  Information  ^fot  Generated 
0  1  2  Total 


15- 
55.6 
28.3 
20.3 

10 
62.5 
18.9 
13.5 

20 
87.0 
37.7 
27.0 

8 

100.0 
15.1 
10.8 

53 
71.6 


9 

33.3 
52.9 
12.2 

5 

31.3 
29.4 
6.8 

3 

13.0 
17.6 
4.1 

0 
0 
0 
0 

17 
23.0 


— -3- 
11.1 
75.0 
4.1 

1 

6.3 
25.0 
1.4 

0 
0 

*  0 
0 

0 
0 
0 

0 

5 

5.4 


-  27 

9t!n 

16 
21.6 
(411.8) 


1 


>3 
31.1 
(31.6) 

8 

10.8 
(27.0) 


74 
100.0 


KW  Chi  Square  41.02 
df  9 
Significance  < .0001 


KK  Chi  Square  10.14 
df  6 
Significance  .02 


ERIC 


407 


Table  237 


Interview  Data  Analyses :  Moles 
Problem  Solved  Correctly 


Total 


Problems 
Correct 


Conments  About  Solution 
5  4 


T 


Total 


1  . 

0 

5 

18.5 
16.1 
6.8 

6 

22.2 

OX.O 

8.1 

5 

18.5 

62  5 
6.8 

9 

35.3 

69^2_ 

12.2 

1 

3.7 
50.0 
1.4 

i 

3.7 
100.0 
1.4 

27 
36.5 
(49.3) 

1 

6 

37.5 
.    19.4  1 
8.1 

3 

18.8 
15.8 
4.1 

2 

12.5 
25.0 
2.7 

4 

25.0 
30.8 
5.4 

1 

O.j 

50.0 
1.4 

0 
n 

0 
0 

16 
21.6 
(41.3) 

2 

12 
52.2 
38.7 
16.2 

10 
43.5 
52.6 
13.5 

1 

4.3 
12.5 
1.4 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

23 
31.1 

3 

—  8 
100.0 
25.8 
10.8 

0 
0 
0 
0 

0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

8 

10.8 
(16.0) 

Total. 

31 
41.9 

19 
25.7 

8 

10.8 

13 
17.6 

■  2 
2.7 

1 

1.4  , 

74 
100.0 

-  0 

i 

■r 

KW  Chi  Square 
df  - 

Significance 

22.76 
15 

<  .0001 

4Uo 

Table  238 


Interview  Data  Analyses  :  itoles  -  _Total 
Problems  Solved  Correctly 


Problems 
Correct 


3 

11.1 
75.0 
4.1 


stions  Correct 


4 

14.8 
57.1 
5.4 


8 

29.6 
66.7 
10.8 


6 

22.2 
35.3 
8.1 


6 

22.2 
17.6 
8.1 


Total 


27 
36.5 
(26.5) 


1 

6.3 
25.0 
1.4 


2 

12.5 
28.6 
2.7 


1 

6.3 
8.3 
1.4 


3 

18.8 
17.6 
4.1 


9 

56.3 
26.5 
12.2 


16 
21.6 
(40.6) 


0 
0 
0 
0 


1 

4.3 
14.3 
1.4 


3 

13.0 
25.0 
4.1 


5 

21.7 
29.4 
6.8 


14 
60.9 
41.2 
18.9 


23 
31.1 
(44.6) 


0 
0 
0 
0 


0 
0 
0 
0 


0 
0 

0 
0 


3 

37.5 
17.6 
4.1 


5 

62.5 
14.7 
6.8 


8 

10.8 
(47.9) 


Total 


4^ 
5.4 


7 

9.5 


12 
16.2 


KW  Chi  Square 
df 

Significance 


17 
23.0 


34 
4b. 9 


13.24 
12 
.004 


74 
100.0 


40J 

ERIC 


i 

/ 

.  /. 

/  • 


Table  239 

Interview  Data  Analyses:   Moles  -  Total 
Problems  Solved'  Correctly 


Problems 
Correct 


3 

Total 


T 


Questions  Correct  Without  Prompting 
"^~2  3~         4  5 


"Total 


2 

7.4 
66.7 
2.7 


6 

33 
1 


1 
.3 
.3 
.4 

0 
0 
0 
0 

0 
0 
0 

0 


3 

4.1 


4 

14.8 
100.0 
5.4 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

4 

5.4 


10 
37.0 
62.5 
13.5 

4 

25.0 
25.0 
5.4 

2 

8.7 
12.5 
2.7 

0 
0 

*  0 
0 

16 
21.6 


4 

14.8 
30.8 
5.4 

3 

18.8 
23.1 
4.1 

6 

26.1 
46.2 
.8.1 

0 
0 
*0 
0 

13 
17.6 


KW  Chi  Square 
df 

Significance 


5 

18.5 
35,7 
6.8 

3 

'  18.8 
21.4 
4.1 

5 

21.7 
35.-7 
6.8 

1 

12.5 
.  7.1 
1.4 

14 
18.9 

•  23.65 
18 

<  .0001 


5 

21.7 
27.8 
6.8 

7 

87.5 
38.9 
9.5 

18 
24.3 


5 

21.7 
83.3 

_%  6.8 

0 
0 

0 
0 

6 

8.1 


27 


7.4 
11.1 

2.7 

0 
0 
0 

36.5 
(23.6) 

4 

25.0 
22.2 
5.4 

1 

6.3 
16.7 
.1.4 

16 

^21.6 
(37.1) 

23 
31.1 
(47.1) 


8 

.10.8 
(57. SJ 


V  74 
9D0.0 


4  hi 


Table  240 


Interview  Data  Analyses:   Gas  Laws  -  Problem  1 
Problem  Solved  Correctly 


Algorithmic  Reasoning 

Strategy  •  

1^ Total 


0 


27 
77.1 
71.1 
42.2 

11 
37.9 
28.9 
17.2 

38 
S9.4 


8 

22.9 
30.8 
12.5 

18 
62.1 
69.2 
28.1 

.26 
40.6 


Chi  Square 

4f 
Phi 

Significance 


35 
54.7 


29 
45.3 


64 
100.00 

8.55 
1 

.40 
.004 


Comments  about  Solution 
- 0  1  Total 


21 
60.0 
43.8 
32.8 

27 
93.1 
56.3 
42.2 

48 

75.0 


14 
40.0 
87.5 
21.9 

2 

6.9 
12.5  * 
3.1 


35 
54.7 
(37.3) 


29 
45.3 
(26.7) 


16  64 
25.0    *  100.0 


676 


Mann  Whitney  U 
Wilcoxon  Rank  Sum  W  774 
Z  3.02 
Significance  .003 


Executive  Errors 
U  T  Total 


23 

12 

35 

65.7 

34.3 

54.7 

44.2 

100.0 

(37.5) 

35.9 

18.8 

29 

0 

29 

100.0 

0 

45.3 

55.8 

0 

(26.5) 

45.3 

0 

52 

12 

64 

81.3 

18.8 

100.0, 

Mann  Whitney  U  682 
Wilcoxon  Rank  Sum  W  768 
Z  3.47 
Significance  .0005 


411 


Table  241 


Interview  Data  Analyses :   Gas  Laws  -  Problem  1 
Problem  Solved  Correctly 


Correct 

Questions  Correct  Without  Prompting 

U 

1 

2 

3 

4 

Total 

3 

5 

14 

11 

2 

35 

8.6 

14.3 

40.0 

31.4 

5.7 

54.7 

No 

100.0 

62.5 

73.7 

42.3 

25.0 

4.7 

7.8 

21.9 

17.2 

3.1 

0 

3 

5 

15 

6 

29 

0 

10.3 

17.2 

51.7 

20.7 

45.3 

Yes. 

0. 

37.5 

26.3 

57.7 

75.0 

(39.4) 

0  ' 

4.7 

7.8 

23.4 

9.4 

3 

8 

19 

26 

8 

64 

Total 

4.7 

12.5 

29.7 

40.6 

12.5 

100.0 

Mann-Whitney  U 

307 

Wilcoxon  Rank  Sum  W 

1143 

Z 

-2.84 

Significance 

.004 

Table  242 


Interview  Data  Analyses :   Gas  Laws  -  Problem  1 
Problem  Solved  Correctly 


Problem 
Correct 


Structural  Error  1 
-T  Z  3— 


1  Total 


Structural  Error  2 
~ I  2  3~ 


Total 


No 

la 
2.9b 
100.0 c 
1.6<* 

11 
31.4 
57.9 
17.2 

Q 
O 

22.9 
100.0 
12.5 

2.9 
100.0  . 
1.6 

14 
40.0 
40.0 
21.9 

35 
54.7 

5 

14.3 
100.0 

7.8. 

1 

2.9 
100.0 
1.6 

17 
48.6 
100.0 
26.6 

12 
34.3 
29.3 
18.8 

35 
54.7 

Yes 

0 
0 
0 
0 

8 

27.6 
42.1 
12.5 

0 
0 
0 
0 

0 
0 
0 
0 

21 
72.4 
60.0 
32.8 

29 
45.3 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

29 
100.0 
70.7 
45.3 

29 
45.3 

Total 

1 

1.6 

19 
29.7 

8 

12.5 

1 

1.6 

35 
54.7 

64 
100.0 

5 

7.8 

1 

1.6 

17 
26.6 

41 
64.1 

64 
100.0 

Chi  Square  11.4 

df  4. 

V  .421 

Significance  .02 


Chi  Square 

df 

V 

Significance 


29.75 
3 
.68 
<.0001 


aCount 

bRow  percentage 
cColunii  percentage 
^Total  percentage 
^Cramer's  V 


413 


Table  243 


Interview  Data  Analyses :   Gas  Laws  -  Problem  2 
Problem  Solved  Correctly 


Problems 
Correct 


Reading/Organizing  Skills 

— i      *2      3  r 


Reread 


Total 


5 

'  24 

16 

2 

,  0 

47 

10.6 

51.1 

34.0 

4.3 

0 

73.4 

No 

55.6 

68.6 

94.1 

100.0 

0 

(35.0) 

7.8 

37.5 

25.0 

3.1 

0 

4 

11 

1 

0 

1 

17 

23.5 

64.7 

5.9 

0 

5.9 

26.6 

Yes 

44.4 

31.4 

5.9 

0 

100.0 

(25.5) 

6.3 

17.2 

1.6 

0 

1.6 

Total 

9 

35 

17 

2 

1 

64 

14.1 

54.7 

26.6 

3.1 

1.6 

100.0 

30 
62..  8 
65.2 
46.9 

16 
94.1 
34.8 
25.0 

46 
71.9 


Stating  Problem 
Total 


17 
36.2 
100.0 
26.6 

0 
0 
0 
0 

17 
26.6 


0 
0 
0 
0 

1 

5.9 
100.0 
1.6 

1 

1.6 


Mann -Whitney  U  518 
Wilcoxon  Rank  Sum  W  434 
Z  1.99 
Significance  .05 

1/ 


Mann-Whitney  U  512 
Wilcoxon  Rank  Sum  W  440 
Z  2.19 
Significance  .03 


411 


ERIC 


Table  244 


No 

Yes 
Total 


Interview  Data  Analyses:   Gas  Laws  -  Problem  2 
Problem  Solved  Correctly 


Comments  about  Solution 
2 


34 

12 

1 

72.3 

25.5 

2.1 

66.7 

100.0 

100.0 

53.1 

18.8 

1.6 

17 

0 

0 

100.0 

0 

0 

33.3 

0 

0 

26.6 

0 

0 

51 

12 

1 

79.7 

18.8 

1.6 

47 
73.4 
(34.9) 


17 
26.6 
(26.0) 


64 
100.0 


Mann-Whitney  U  510 

Wilcoxon  Rank  Sum  W  442 

Z  2.40 

Significance  .02 


Execut  ive  Errors 
T 


28 
59.6 
62.2 
43.8 

17 
100.0 
37.8 
26.6 

45 
70.3 


19 
40.4 
100.0 
29.7 

0 
0 
0 
0 

19 
29.7 


47 
73.4 
(35.9) 


17 
26.6 
(23.0) 

64 
100.0 


Mann-Whitney  U  561 
Wilcoxon  Rank  Sum  W  391 
Z  3.10 
Significance  .002 


415 

ERJC 


Table  245 


Problems 
Correct 


No 


Yes 


Total 


Interview  Data  Analyses.:   Gas  Laws  -  Problem  2 
Problem  Solved  Correctly 


Structural  JJrror  2 

1 

2 

3 

4 

5 

3 

2 

20 

6 

11 

47 

10.6 

6.4 

4.3 

42.5 

12.8 

23.4 

73.4 

100.0 

100.0 

100.0 

100.0 

100.0 

39.3 

7.8 

4.7 

3.1 

31.3 

9.4 

17.2 

0 

.0 

0 

0 

0 

17 

17 

0 

0 

0 

0 

0 

100.0 

26.6 

0 

0 

0 

0 

0 

60.7 

0 

0 

,  o 

0 

0 

26.6 

5 

3 

2 

20 

.6 

28 

64 

7.8 

4.7 

3.1 

31.3 

9.4 

43.8 

100.0 

Chi  Square  29.76 

df  5 

V  .68 

Significance  <.0001 


416 


ERIC 


Table  246 


Problems 

Correct 


No 

Yes 
Total 


Interview  Data  Analyses:   Gas  Laws  -  Problem  3 
Problem  Solved  Correctly 


Algorithmic  Reasoning 


Strategy 

o 

1 

Total 

32 

10 

62 

83.9 

16.1 

96.9 

100.0 

83.3 

81.3 

15.6 

0 

2 

2 

0 

100.0 

3.1 

0 

16.7 

0 

3.1 

52 

12 

6v 

81.3 

18.8 

100.0 

Misinterprets 
Problem 

 1  1 


Chi  Square  4.29 

df  1 

Phi  -37 

Significance  .04 


61 
98.4 
96.8 
95.3 

2 

100.0 
3.2 
3.1 

63 
98.4 


1 

1.6 
100.0 
1.6 

0 
0 
0 
0 

*  1 
1.6 


Chi  Square 
■  df 
Phi 

Significance 


62 
96.9 


2 

3.1 


64 
100.0 

7.37 
1 
.02 
.007 


Evaluation  Sum  

 1  TolIT 


60 
96.8 
98.4 
93.8 

1 

50.0 
1.6 
1.6 

61 
95.3 


2 

3.2 
66..7 
3.1 

1 

50.0 
33.3 
1.6 

3 

4.7 


62 
96.9 
(32.0) 


2 

3.1 
(47.0) 


64 
100.0 


Mann-Whitney  U  33 
Wilcoxon  Rank  Sum  W  94 
I  -3.06 
Significance  .002 


PRir 


41 
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Table  248 

Interview  Data  Analyses :   Gas  Laws  -  Problem  3 
Problem  Solved  Correctly 


Problems 
Correct 

Questions  Correct 

i 

3 

4 

5 

43 

14 

62 

8.1 

69.4 

22.6 

96.9 

No 

100.0 

100.0 

87.5 

(31.7) 

7.8 

67.2 

21.9 

0 

0 

2 

2 

0 

0 

100.0 

3.1 

Yes 

0 

0 

12.5 

(56.5) 

0 

0 

3.1 

Total 

5 

43 

16 

64 

7.8 

67.2 

25.0 

100.0 

Mann-Whitney  U  14 
Wilcaxan  Rank  Sum  W  113 
Z  -2.24 
Significance  .02 


i 


v 

ERIC 


Table  249 


Interview  Data  Analyses:   Gas  Laws  -  Problem  3 
Problem  Solved  Correctly 


Problems 
Correct 


Structural  Error  2 
1  ?  T 


Total 


No 

Yes 
Total 


26 
41.9 
100.0 
40.6 

0 
0 
0 
0 

26 
40.6 


1 

1,6 
100.0 
1.6 

0 
0 
0 
0 

1 

1.6 


9 

14.5 
100.0 
14.1 

0 
0 
& 
0 

9 

14.1 


1 

1.6 
100.0 
1.6 

0 
0 

~  0 
0 

1 

1.6 


13 
21.0 
100.0 
20.3 

0 
0 
0 
0 

13 
20.3 


4 

6.5 
66.7 
6.3 

2 

100. 0_ 
33.3 
3.1 

6 

9.4 


Chi  Square  19.96 

df  7 

V  .59 

Significance  .006 


3 

4.8 
100.0 
4.7 

1  0 
0 
0 
0 

3 

4.7 


5 

8.1 
100.0 
7.8 

0 

a 
o 
o 

5 

7.8 


62 
96.9 


2 

3.1 


64 
100.0 


9 


41 J 


Table  250 


Interview  Data  Analyses: .  Gas  Laws  -  Total 
Prbblem  Solved  Correctly 


Problems 
Correct 


0 

1 

2 

Total 

0 

1 

,  2 

3 

Total 

6 

3 

13 

10 

32 

19 

7 

4 

2 

J2 

1  ft  ft 
10  •  0 

*t\J  .o 

Jl  •  o 

<;n  n 
ou  •  u 

59  4 

21.9 

12.5 

6.3 

SO.t 

85.7 

37.5 

46.4 

47.6 

_#9.Q) .- 

_  63.3 

-70,O— 

-25.0- 

-25  ;0 

(26T*j 

-  477 — 

20.3 

15.6 

29.7 

10.9 

6.3 

3.1 

0 

2 

11 

5 

18 

9 

1 

7 

1 

29 

n 
u 

11 .  l 

01  •  1 

i.J  .  0 

t;n  n 

jv  .  u 

5  6 

38.9 

5.6 

28.1 

0 

25.0 

39.3 

23.8 

(39.0) 

30.0 

10.0 

43.8 

12.5 

0 

3.1 

17.2 

7.8 

14.1 

1.6 

10.9 

1.6 

1 

2 

4 

5 

12 

2 

2 

5 

3 

12 

8.3 

16.7 

33.3 

41.7 

18.8 

16.7 

16.7 

41.7 

25.0 

18.  t 

14:3 

25.0 

14.5 

25.8 

(33.7) 

6.7 

20.0 

31.3 

37.5 

(4M 

1.6 

3.1 

6.3 

7.8 

3.1 

3.1 

7.8 

4.7 

0 

1 

0 

1 

2 

0 

0 

0 

2 

2 

0 

50.0 

0 

50.0 

3.1 

0 

0 

0 

100.0 

3.1 

0 

12.5 

0 

4.8 

(23.0) 

0 

0 

0 

25.0 

(60.  H 

0 

1.6 

0 

1.6 

0 

0 

0 

3.1 

7 

8 

28 

21 

64 

,  30 

10 

16 

8 

64 

10.9 

12.5 

43.8 

32.8 

100.0 

46.9 

15.6 

25.0 

12.5 

100.0 

3 

Total 


KW  Chi  Square  8.01 
df  5 
Significance  .05 


KW  Chi  Square  13.67 
df  9 
Significance  .003 


4-ci) 
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Table  251 


Interview  Data  Analyses:   Gas  Laws  -  Total 
Problem  Solved  Correctly 


2  * 


Executive  Errors 

—2  : 


T 


Total 


questions  Correct  Without  Prompting 


Total 


15 
46.9 

~39.~5~ 
23.4 

10 
55.6 
26.3 
15.6 


11 

7 
9 

.2 

2 
.0 
5.3 
,  3.1 

38 
59.4 


91. 
28. 

17. 


100 


10 
31.3 
52".  6 
15.6 

5 

15.6 
100.0 
7.8 

2 

6.3 
100. 0 
3.1 

!  /  32  < 
'50.0  _ 
(37.5) 

3 

..._!♦!- 
100.0, 
4.7 

5 

62.5 
7.8 

8 

44.4 
<\L .  1 
12.5 

0 

0 

n 
u 

0 

0 
0 
u 
0 

18 
28.1 

0 
0 
0 
0 

i 

5.6 
12.5 
1.6 

1 

8.3 
5.3 
1.6 

0 
0 
0 
0 

0 
0 
0 
0 

12 
18.8 
(21.9) 

0 
0 
0 
0 

2 

16.7 
25.0 
3.1 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

.  2 
3.1 
(19.5) 

0 
0 
0 

0 

0 
0 
0 
0 

19 
29.7 

5 

7.8 

2 

3.1 

100.0 

3 

4.7 

8 

12.5 

KW  Chi  Square  9.40 
df  .  9 
Significance  .02 


KW  Chi  Square 
df 

Significance 


9.73 
12 
.02 


12 

11 

1 

oi 

.  34,4 

3.1  

50.0 

42.3 

12.5 

(26.1) 

18.8 

17.2 

1.6 

5 

8 

4 

1  Q 
10 

27.8 

44.4 

22.2  4 

28.1 

26.3 

30.8 

50.0 

(39.0) 

7.8 

12.5 

6.3 

2 

6 

2 

12 

16.7 

50.0 

16.7 

18. S 

10.5 

23.1 

25.  & 

(36.6) 

3.1 

9.4 

3.1 

0 

1 

1 

2 

0 

50.0 

50.0 

3.1 

0 

3.8 

12.5 

(52.0) 

0 

1.6 

1.6 

19 

26 

8 

64 

29.7 

40.6 

12.5 

100.0 

ERIC 
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Table  252 


Interview  Data  Analyses:  Stoichiometry 
Problem  Solved  Correctly 


-  Problem  1 


Systcnmalii  Approgcfr~"~ 
0  1^  TStaT 


^gorrUyni^  He  asoning 

Strategy 
0  1      Total  . 


Convenes  About  Solution 
15  1  -  Total 


18 

30 

48 

41 

7 

48 

37.5 

62.5 

72.7 

85.4 

14.6 

IL.l 

No 

94.7 

63.8 

87.2 

36.8 

27.3 

45.5 

62.1 

10.6 

1 

17 

18 

6 

12  • 

18 

5.6 

94.4 

27.3 

33.3 

66.7 

27.3 

Yes 

5.3 

36.2 

12.8 

63.2 

1.5 

25.8 

9.1  , 

18.2 

Total 

19 

47 

66 

47 

19 

66 

28.8 

71.2 

100.0 

71.2 

28.8 

100.0 

Chi  Square 

<S.05 

Chi  Square 

14.87 

df 

1 

df 

1 

Phi 

.31 

Phi 

.51 

Significance 

.02 

Significance 

.0001 

17 
35.4 
51.5 
25.8 

16 
88.9 
48.5 
24.2 

,  33 
50."0 


30 
62.5 
96.8 
45.5 

1 

5.6 
3.2 
1.5 

31 
47.0 


.1 
2.1 
50.0 
1.5 

1 

S.6 
50.0 
1.5 

2 
3.0 


Mann-Whitney  U  648 
Wilcoxon  Rank  Sum  W  386 
4^  3  •  54 

Significance  .0004 


42, 


$ 


Problems 
Correct 


No 


Table  253 

4 

Interview  Data  Analyses:    Stoichicmetry  -  Problem  1 
Problem  Solved  Correctly 


Questions  Correct  Without  Prompting 
 2  <   !>  4 


2 

10 

15 

19 

2 

4.2 

20.8 

31.3 

39.6 

4.2 

50.0 

100.0 

78.9 

76.0 

25.0 

3.0 

15.2 

22.7 

28.8 

3.0 

2 

0 

4 

6 

6 

11.1 

•  0 

22.2 

33.3 

33 .3 

50.0 

0 

21.1 

24.0 

75.0 

3.0 

0 

6.1 

9.1 

9.1 

4 

10  " 

19 

25 

8 

6.1 

15.2 

28.8 

37.9 

12.1 

Total 


48 
72.7 
(30.4) 

18 

27.3 
(41.8) 


66 
100.0 


ERJC 


Mann-Whitney  U  1^  283s 

Wilcoxon  Rank  Sum  W  752 

Z  -2.24 

Significance  .03 


423 


Table  2S4 

Interview  Data  Analyses :    Stoichiometry  -  Problem  1 
Problem  Solved  Correctly 


Problems 

Structural 

Error 

-  2 

Stiuctural  Error 

-  1  , 

Corrett 

0 

1  . 

3 

Total 

0 

1 

7 

3  " 

Total 

No 

9 

ib.8 
100.0 
13.6 

14  4 
29.2  8.5 
43.8  100.0 
.   21.2  6.1 

21 
43.8 
100.0 
31.8 

48 

72.7 

2 

4.2 
100.0 
3.0 

7 

14.6 
30.4 
10.6 

11 
22.9 
84.6 
16.7 

28 

CO  X 

100.0 
42.4 

48 

*7?  7 

<  • 
Yes 

0 
0 
0 
0 

18 
100.0 
56.3 
27.3  - 

0 
0 
0 
0 

0 
0 
0 

0 

18 

27.3 

0 
0 

-0 
0 

16 
88. » 
69.6 
24.2 

11.1 
15.4 
3.0 

0 
0 
0 
0 

18 

.  27.3 

,  Total 

9 

13.6 

32 
48.5 

4 

b.l 

21 
31.8 

100.0 

2 

3.0  , 

23 
34.8 

13 
19.7 

28 
42.4 

66 

100.0 

* 

Chi  Square 

df 

V 

Significance  „ 

26.30 

3 

.63 
.0001 

Chi  Square 

-If 

V 

Significance 

32.92 
3 

.71 
<.00Ol 

424 


42 


Table  255 

Interview  Data  .Analyses:    Stoichiometry  -  Problem  2 
Problem  Solved  Correctly 


Algoritnmic  Reasoning 


Problems  . 
Correct 

Rereadiiig/Statijig  Problem 
0            1           2"  Total 

*•  Systemmatic 
0  1 

Approach 
Total 

0 

Strategy 

Total 

W 

:  24 

24 

1 

20 

29 

49 

42 

n 

49.0 

49.0 

2.0 

74 . 1 

40.8 

59.2 

74.2 

85.7 

14.3 

74.2 

64.9 

85.7 

100.0 

T35.9) 

100.0 

03.0 

91.5 

35.0 

36.4 

36.4 

1.5 

30.3 

43.9 

03.0 

10.6 

13 

4 

0 

'  17 

0 

17 

17 

4 

13 

17 

76.5 

2*3.5 

0 

25.8 

0 

100.  U 

25.8 

23.5 

70.5 

25.8 

Yes 

35.1 

14.3 

0 

(20.6) 

0 

37.0 

8.7 

65.0 

19.7 

6.1 

0 

0 

25.8 

6.1 

19.7 

Total 

37 

28 

1 

00 

20 

40 

06 

4o 

20 

66 

56.1 

42.4 

1.5 

100.0 

30.3 

09.7 

100.0 

09.7 

30.3 

100.0 

Mann-Whitney  U 

533 

Chi  Square 

8.12 

Chi 

Square 

20.26 

df 

453 

df 

1 

df 

1 

Phi 

1.97 

V 

.39 

Phi 

.59 

Significance 

.05 

Significance 

.004 

Sign i f icance 

<.0001 

42t; 


Table  256 


Interview  Data  Analyses:    Stoichiometry  -  Problem  2 
Problem  Solved  Correctly 


bse  of  Random 
Problems  Trial  and  Error 
Correct     *~0  1  Total 


Comments  About  Solution 
"0  I  2  Total 


55 

14 

49 

19 

28 

) 

it 

71.4 

28.6 

74.2 

38.8 

57.1 

4.1 

No 

67.3 

100.0 

54.3 

96.6 

100.0 

53.0 

21.2 

28.8 

42.4 

3.0 

17 

0 

17 

6 

1 

0 

100. 0 

*•  0 

25.8 

94.1 

5.9 

0 

Yes 

32.7 

0 

45.7 

3.4 

0 

25.8 

0 

24.2 

1.5 

0 

Total 

52 

14 

66 

35 

~> 

78.8 

100.0 

53.0 

-5.9 

3.0 

Chi  Scmare  4.57 

df  .1 

Phi  .30 

Significance  .03 


49 
J4.2  • 
(58.2) 


17 
25.8 
(19.9) 


66 
100.0 

Mar.  Whitney  U  648 
Wilccxon  Rank  Sum  W  338 
2  "  5.88 

Significance  .0001 


13 
26.5 
100.0 
19.7 

0 
0 
0 
0 

13 
19.7 


Structural  hrror  -  2   

_  2  ^  T_- 


6 

12.2 
26.1 
9.1 

17 
100.0 
73.9 
25.8 

23 
34.8 


12 
24.5 
100.0 
18.2 

0 
0 
0 

0 

12 
18.2 


Chi  Square 

df 

V 

Significance 


18 
36.7 
100.0 
27.5 

0 
0 
0 
0 

18 


42.81 
5 

.80 
.0001 


49 
74.2 


17 
25.8 


66 
100.0 


423 


427 


ERIC 


Table  2S7 

Interview  Data  Anlyses :   Stoichiometry  -  Problem  2 
Problem  Solved  Correctly 


Problems 

Correct 

0 

Structural  Error  -  1 
1  2 

 — .  —  

TotaT 

VA/l  X  WW  w 

L 

19  «■ 

Zo 

49 

4.1 

38.8 

57.1 

74.2 

No 

100.0 

55 

93.3 

\  fl 

J.v 

28.8 

42.4  a 

U 

15 

2 

17 

0 

QQ  "2 

11.8 

25.8 

Yes 

o 

0 

44.1 
22.7 

6.7 
3.0 

Total 

2 

3.0 

34 

«  51.5 

30  , 
45.5 

66 
100.0 

» 

Chi  Square 

12.40 

df 

2 

V 

.43 

Significance 

.002 

42J 


9 


 / 


4 


Table  258 

Interview  Data  Analyses:   Stoichiometry  -  Problem  2 
Problem  Solved  Correctly 


Problems 
Correct 

Questions  Correct  Without  Prompting 

D 

1 

7 

3 

4 

Total 

4 

10 

16 

15 

4 

49 

3.2 

20.4 

32.7 

30.6 

8.2 

74.2 

No 

100,0 

100.0 

84.2 

60.0 

50.0 

(29.2) 

6.1 

15.2 

24.2 

22.7 

6.1 

0 

0 

3 

v  10* 

4 

17 

0 

0 

17  ..6 

58.8 

23.5 

25.8 

Yes 

0 

0 

15.8 

40.0 

50.0 

(46.0) 

0 

•  8 

4.5 

15.2 

6.1 

r 

Total 

4 

10 

19 

25 

8 

66 

6.1 

15.2 

28.8 

37.9 

12.1 

100.0 

Mann-Whitney  U  204 

Wilcoxon  Rank  Sum  W  782 

Z  -3.25     ,  ^ 

Significance  .001 


/ 


Table  259 


Interview  Data  Analyses:   Stoichiometry  -  Problem  3 
Problem  Solved  Correctly 


Systematic  Approach 
IP  1  Total" 


34 

SS.7 
100.0 
51.5 

0 
0 
0 
0 

34 
51.5 


27 
44.3 
84.4 
40.9 

5 

100.0 
15.6 

.7.6 

32 
48.5 


Chi  Square 
df 

Phi  \ 
Significance 


61 
92.4 


5 

.6 


66 
100.0 


3.73 
1 

.29 
.05 


Algorithmic  Reasoning" 

Strategy  

0  1  Total 


55 
90.2 
98.2 
83.3 

1 

20.0 
1.8 
1.5 

56 
84.8 


6 
9.8 
60.0 
9.1 

4 

80.0 
40.0 
6.1 

10 
15.2 


Chi  Square 

df 

Phi 

Significance 


61 
92.4 


5 

7.6 


66 
100.0 

12.66 
1 
.52 
.0004 


Comments  About  Solution 
~~ 0  l  lOtal 


19 
31.1 
82.6 
28.8 

4 

80.0 
17.4 
6.1 

23 
34.8 


42 
68.9 
97.7 
63.6 

1 

20.0 
2.3 
1.5 


61 
92.4 
(34.7) 


5 

7.6 
(18.6) 


'  43  66 
65.2  100.0 


Mann-Whitney  U  227 

Wilcoxon  Rank  Sum  W  93 

7  .07 

Significance  .03 


431 


Table  260 

Interview  Data  Analyses:    Stoichiometry  -  Problem  3 
Problem  Solved  Correctly 


Problens 
Correct 


Questions  Correct  Without  Pr< 


T 


rotating 


Total 


4 

10 

18 

24 

5 

61 

6.6 

16.4 

29.5 

39.3 

'  8.2 

92.4 

No 

100.0 

100.0 

94.7 

96.0 

62.5 

(32.0) 

6.1 

15.2 

27.3 

36.4 

7.6' 

0 

o 

1 

1 

3 

5 

0 

0 

20.0 

20.0 

60.0 

7.6 

Yes 

0 

0 

5.3  ' 

4.0 

37.5 

(51.5) 

0 

0 

1.5 

1.5 

4.5 

Total 

4 

10 

19 

25 

8 

66 

6.1 

15.2 

28.8 

37.9 

12.1 

100.0 

Mann-Whitney  U 

62 

Wilcoxon  Rank  Sum  W 

257 

Z 

-2.28 

.  Significance 

.02 

43c 


ERIC 


Problems 
Coiyect 


No 


Yes 
Total 


Table  261 

Interview  Data  Analyses :   Stoichiometry  -  Problem  3 
Problem  Solved  Correctly 


Structural  Error  -  3 

0 

1 

 2_ 

3 

Total 

58 

6 

10 

7 

61 

62.5 

9.8 

16.4 

11  Q 
11. o 

inn  n 

1UU  .u 

54.5 

100.0 

100.0 

57.6 

9.1 

15.2 

10.6 

0 

5 

0 

0 

5 

0 

100.0 

0 

0 

7.6 

0 

45.5 

0 

0 

0 

7.6 

0 

0 

58 

11 

10 

•  7 

66 

57.6 

16.7 

15.2 

10.6 

100.0 

Chi  Square 

27.05 

df 

3 

V 

.64 

Significance 

<  .0001 

ERIC 


433 


Table  262 


Interview  Data  Analyses:    Stoichiometry  -  Total 
Problem  Solved  Correctly 


Problems 
Correct 


T 


Systematic  Approach 


No  Answer  Given 


Total 


0 

1 

2 

3 

Total 

25 

7 

4 

4 

40 

62.5 

17.5 

10.0 

10.0  - 

60.6 

53.2 

70.0 

ioo.  b 

80.0 

(39.2) 

57.9 

•   10.6  * 

6.1 

6.1 

14 

1 

0 

1 

16 

87.5 

6.3 

0 

6.3 

24.2 

'  in  n 
1U  •  u 

n 
u 

20  0 

(26.8) 

21.2 

1.5 

0 

1.5 

4 

2 

0 

0 

6 

66.7 

33.3 

0- 

0 

9.1* 

8.5 

20.0 

0 

0 

(21.5) 

6.1 

3.0 

0 

0 

4 

'   •  0 

0 

0 

4 

100.0 

0 

0 

0 

6.1 

8.5 

0 

0 

0 

(21.5) 

6.1 

0 

0 

0 

47 

10 

'  4 

5 

'  66 

71.2 

15.2 

6.1 

7.6 

100.0 

KW  Chi  Square 

12.86 

3 

Total 


14 

35.0 
93.3 
21.2 

1. 
6.3 
6.7 
1.5 

0 
0 

-  0 
0 

0 
0 
0 
0 

15 

22.7 


8 

20.0 
100.0 
12.1 

0 
0 
0 
0 

0 

*  o' 

0 
0 

0 
0 
0 
0 

8 

12.1 


6 

15.0 
50.0 
9.1 

4 

25.0 
33.3 
6.1 

2 

33.3*. 
16.7 
3.0 

0 
0 
0 
0 

12 
18.2 


KW.Chi  Square 
df 

Significance 


12 

30.0 

38.7 

18.2 
t 

11 
68.8 
35.5 
16.7 

4 

66.7 
12.9 
6.1 

4 

100.0 
12.9 
6.1 

31 
47.0 

.16.38 
9 

.001 


•  40 
60.6 
(26.4) 


16 
24.2 
(42.9) 


6 

9.1 
(43.8) 

/ 
4 

6.1 
(51.0) 


66 
100.0 


df 

Significance 


.005 


434 
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Table  263 


Interview  Data  Analyses':   Stoichiometry  -  Total 
Problem  Solved  Correctly 


Problems 
Correct  , 


3 

Total 


Mgorithmic  Strategy  Oily 


Total 


Conments  About  Solution 
 2  3 


Total 


16 
40.0 
53.3 
24.2 

5 

31.3 
16.7 
7.6 

5 

83.3 
16.7 
7.6 

4 

100.0 
13.3 
6.1 

30 
45.5 


11 

27.5 
78.6 
16.7 

3 

18.8 
21.4  ' 
4.5 

0 
0 
0 
0 

0 
0 
0 
0 


6- 
15.0 
50.0 
9.1 

5' 

31.3 
41.7 
7.6' 


14 
21.2 

KW  Chi  Square 
df 

Significance 


7 

17.5 
70.0 
10.6 

3 

18.8 
50.0 
4.5 


40 
60.6 
(34.8) 

16 
24.2 
(39.2) 


.  8 
20.0 
66.7 
12.1 

4 

25.0 
33.3 
6.1 


21 

52.5 
100.0 
,31.8 

0 
0 
0 
0 


1 

0 

6 

^3 

0  ' 

0 

16.7  . 

0 

.9.1 

5tTr8v. 

50.0 

0 

0 

8.3 

0 

(21.3) 

25.0^ 

♦  15.0 

0 

0 

1.5 

0 

4.5 

4.5 

0 

0 

0 

0 

4 

3 

1 

0 

0 

•  0 

0 

.6.1 

75.0 

25.0 

0 

0 

,  0 

0 

(15,5) 

25.0 

5.0 

0 

0 

0 

0 

4.5 

1.5 

0' 

0 

12 

10 

66 

12 

20  . 

12 

21 

18.2 

15.2/ 

•-100.0 

18.2 

30.3 

18.2 

31.8 

8.49 
9 
.04 


0 
0 
0 

.0 

1 

6.3 
100.0 
1.5 

0 
0 
0 
0 

0 
'  0 
0 
0 

1 

1.5 


KW  Chi  Square  22.60 
df  6 
Significance  .0001 


40 
60.6 
(41.6) 


16 
24.2 
(26.2) 


6 

9.1 
(14.5) 


4 

.6.1 
(10.5) 

I 

I 

66 
100.0 


436 


437 


Table  264 


Interview  Data  Analyses:    Stoichiometiy  -  Total 
Problem  Solved  Correctly 


Problems 
Correct 


Total 


Questions  Correct  Without  Prompting 
TP*  1   2  5        4  TotlT 


KW  Chi  Square  14 . 70 
df  9 
Significance  .002 


^Algorithmic  Reasoning  ^^ft^ 


10 

15 

12 

1 

40 

36 

1 

5.0 

25.0 

37.5 

30.0 

2.5 

60.6 

90.0 

-2.5 

5U  .U 

1UU  .U 

70  Q 

/o.y 

as  n 

("76  91 

80.0 

33.3 

15.2 

22.7 

18.2 

1.5 

54.5 

1.5 

2 

0 

1 

9 

4 

16 

8 

V 

12.5 

0 

6  - 

56.3 

25.0 

24.2 

50.0 

12.5 

50.0 

0 

5.3 

36.0 

50.0 

(43.3) 

17.8 

66.7 

3.0 

0 

1.5 

13.6 

6.1 

12.1 

3.0 

0 

0 

2 

.  4 

0 

6 

1  , 

0 

0 

0 

33.3 

66.7 

0 

9.1 

16.7 

0 

0 

0 

10. 5 

16.0 

0 

(38.7) 

2.2 

0 

0 

0 

3.0 

6.1 

0 

1.5 

0 

0 

0 

i 

0 

3 

~4  • 

0 

0 

0 

n 

25.0 

0 

75.0 

6.1 

0 

0 

0 

0 

5.3 

0 

37.5 

(52.9) 

0 

0 

0 

0 

1.5 

0 

4.5 

•  0 

0 

4 

10 

19 

25 

8 

66 

45 

3 

6.1 

15.2 

28.8 

37.9 

12.1 

100.0 

68.2 

4.5 

0 

7.5 
37.5 
4.5 

3 

18.8 
37.5 
4.5 

1 

.6.7 
.12.5 
1.5 

1 

25.0 
12.5 
1.5 

8 

12.1 


KW  Chi  Square 
df 

Significance 


0 
0 
0 
0 

3 

18.8 
30.0 
4.5 

4 

65.7 
40.0 
6.1 

3 

75.0 
30.0 
4.5 

10 
15.2 

31.54 
9 

<.000l 


40 
60.6 
(25.8) 

16 
24.2 
(38.8) 

6 

9.1 
(53.6) 

4 

6.1 
(59.3) 

66 
100.0 


433- 

o 

ERIC 


Table  265' 


Interview  Data  Analyses:   Molarity  -  Problem  1 
Problem  Solved  Correctly 


Problems 
Correct 


Systematic  Approach 
3   —    Total " 


Arithmetic  Approach 
U   1  Total 


No 

Yes 
Total 


15 
33.3 
10C.0 
.  23.4 

0 
0 
0 
0 

15 
23.4 


30 
66.7 
61.2 
46.9 

19 
100.0 
38.8 
29.7 

49 
76.6 


Chi  Square  6.52 

df  1 

Phi  .36 

Significance  .01 


Chi  Square  3.79 

df  1 

Phi  -28 

Significance  .05 


Algorithmic  Strategy 

Only  ■ 
0  1  Total 


45 
70.3 

23 
51.1 
85.2 
35.9 

22 
48.9 
59.5 
34.4 

45 
70.3 

19 
42.2 
52.8 
29.7 

19 
29.7 

4 

21.1 
14.8 
6.3 

15 
78.9 
40.5 
23.4 

19 
29.7 

17 
89.5 
47.2 
26.6 

64 
100.0 

27 
42.2 

37 
57.8 

64 
100.0 

36 
56.3 

26  45 

57.8  70.3 
92.9 
40.6 

2  19 
10.5"  29.7 
7.1 
3.1 

28  64 
43.8  100.0 


Chi  Square  10.28 

df  1 

Phi  -43 

Significance  .001 


ERIC 
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Table  266 


Problems 
Correct 


Algorithmic  Reasoning 
Total 


Strategy 


No 


Yes 


Total 


42 
95.3 
95.5 
65.6 

2 

ICS 
4.5 
3.1 

44 
68.8 


3 

6.7« 
15.0 
4.7 

17 
89.5 
85.0 
26.6 

20 
51.3 


Chi  Square 

df 

Phi 

Significance 


45 

70.  y 


19 
29.7 


64 
100. 0 


58.87 
1 

.82 
<.0001 


Interview  Data  Analyses :  Molarity 
Problem  Solved  Correctly 


Problem  1 


Misapplies  information 
Generated 


0 

1 

Total 

34 

11 

45 

75.6 

24.4 

70.5 

64.2 

100.0 

53.1 

17.2 

19 

0 

19 

100.0 

0 

29.7 

55.8 

0 

29.7 

o, 

53 

11 

64 

82.8 

17.2 

100.0 

Chi  Square  4.02 
df  1 
Phi  -50 
Significance  .04 


Comments  About  Solution 
"75  I  Total 


27 
60.0 
61.4 
42.2 

17 
89. 5 
58.6 
26.6 

44 
68.8 


18 
40.0 
90.0 
28.1 

2 

10.5 
10.0 
5.1 

20 
51.5 


45 

70.3 
(35.5) 


19 
29.7 
(25.9) 


64 

iocCo 

Mann-Whitney  U  553 
Wilcoxon  Rank  Sum  W  491 
Z  2.30 
Significance  .02 


41 J 


Table  267 


Problems 
Correct 


No 


Yes 


Total 


Interview  Data  Analyses :   Molarity  - 
Problem  Solved  Correctly 


Problem  1 


Questions  Correct  ,„  I. 

H  5  Total 


5 

11.1 
83.3 
7.8 

1 

5.3 
16.7 
1.6 

6 

9.4 


24 
53.3 
96.0 
37.5 

1 

5.3 
4.0 
1.6 

25 
39.1 


10 
22.2 
45.5 
15.6 

12 
63.2 
54.5 
18.8 

22 
34.4 


6 

13.3 
54.5 
9.4 

5 

26,3 
45.5 
7.8 

11 
17.2 


AS 
70.3 
(27.8) 


19 
29.7 
(43.6) 


64 
100.0 


Mann4tfhitney  b  217 

Wilcoxon  Rank  Sum  W  827 

Z  -3.26 

Significance  .001 


Questions  Correct  Without  Prompting 
-^~2  3   4  b  Total 


3 

7 

17 

12 

6.7 

15.6 

37.8 

26.7 

100.0 

100.0 

68.0 

75.0 

4.7 

10.9 

26.6 

18.8 

0 

0 

8 

4 

0 

0 

42.1 

21.1 

0 

Q 

32.0 

25.0 

0 

0 

12.5 

6.3 

3 

7 

25 

'  16 

4.7 

10.9 

39.1 

25.0 

4 

,8.9 
50.0 
6.3 

A 

21.1 
50.0 
6.3 

8 

12.5 


2 

4.4 
40.0 
3.1 

3 

15.8 
60.0 
4.7 

5 

7.8 


Mann-Whitney  U  279 
Wilcoxon  Rank  Sum  W  766 
Z  -2.27 
Significance  .02 


45 
70.3 
(29.2) 


19 
29.7 
(40.3) 


64 

100.0 


ERIC 


442 


443 


t/i 


Table  268 


Interview  Data  Analyses :   Molarity  -  Problem  1 
v  Problem  Solved  Correctly 


Problems 
Correct 

Structural  Error 

-  1 

0 

1 

3 

D 

8 

9 

Total 

- 

s 

4 

1 

1 

-> 

8 

13 

45 

15.6 

17.8 

8.9 

2.2 

4.4 

4.4 

17.8 

•  28.9 

70.3 

No 

100.0 

100.0 

100.0 

100.0 

100.0 

66.7 

100.0 

41.9 

10.9 

12.5 

6.3 

1.6 

5.1 

3.1 

12.5 

20.5 

0 

0 

0 

0 

0 

1 

0 

18 

*  19 

0 

0 

0 

0 

0 

5.5 

0 

94.7 

29.7 

Yes 

0 

0 

0 

0 

0 

35.5 

0 

58.1 

0 

0 

0 

0 

0 

1.6 

0 

28.1  ; 

Total 

8 

4 

1 

1 

•  3 

8 

31 

64 

10.9 

12. 5 

6.3 

1.6 

3.1 

4.7 

12.5 

48.4 

100.0 

Chi  Square 

24.64 

df 

7 

V 

.62 

Significance 

.0009 

i 

44  I 


ERIC 


\ 
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Table  269 


Interview  Data  Analyses :  Molarity 
Problem  Solved  Correctly 


Problem  1 


Problems 

Structural  Error  -  2 

— ■ — n  

Correct 

0 

1 

2 

6  7 

8 

9 

lotai 

No 

•10 
22.2 
100.0 
15.6 

2 

4.4 
100.0 
3.1 

7 

-15.6 
100.0 
10.9 

14  4 
31.1  8.9 
100.0  100.0 
21.9  6.3 

7 

J.5.0 
26.9 
10.9 

1 

L.L 
100.0 
1.6 

45 

Yes 

0 
0 
0 
0 

0  " 
0 
0 
0 

0 
0 
0 
0 

0  o 
0  o 
0  0 
0  0 

19 
100.0 
73.1 
29.7 

0 
0 
0 
0 

19 
29.7 

Total 

10 
15.6 

2 

3.1 

7 

10.9 

14  4 
21.9  -6.3 

26 
40.6 

1 

1.6 

64 
100.0 

> 

Chi  Square  39.49 
df  6 
V  .78 
Significance  <.0001 

Table  2U 


Interview  Data  Analyst  Molarity  -  Problem  2 
Problem  Solved  Correctly 


Problems 
Correct 


No 


Yes 


Total 


Algorithmic 

Strategy  Only   

U   1  Total 


24 
42.9 
77.4 
37.5 

7 

87.5 
22.6 
10.9 

31 
48.4 


32 
57.1 
97.0 
50.0 

1 

12.5 
3.0 
1.6 

33 
51.6 


56 
87.5 


8 

12.5 


64 

100.0 


Chi  Square  3.94 

df  1 

Phi  .29 

Significance  .05 


Algorithmic 
Reasoning  Strategy 
3  — TotaT 


47 
83.9 
97.9 
73.4 

1 

12.5 
2.1 
1.6 

48 

75  0 


9 

16.1 
56.3 
14.1 

7 

87.5 
43.8 
10.9 

16 
25.0 


Chi  Square 

df 

Phi 

Significance 


56 
87.5 


8 

12.5 


64 
100.0 

15.43 
1 

.54 
.0001 


ERIC 


Problems 
Correct 


Table  271 

Interview  Data  Analyses :   Molarity  -  Problem  2 
Problem  Solved  Correctly 


Questions  Correct 


Total 


6 

25 

18 

7 

56 

10.7 

44.6 

32.1 

12.5 

87.5 

No 

100.0 

100.0 

81.8 

63.6 

(29.9) 

«  9.4 

39.1 

28.1 

10.9 

0 

0 

4 

4 

8 

0 

0 

'  50.0 

50.0 

12.5 

Yes 

0 

0 

18.2 

36.4 

(50.8) 

0 

0 

6.3 

6.3 

Total 

6 

25 

22 

11 

64 

9.4 

39.1 

34.4 

17.2 

100.0 

Mann-Whitney  U  78 
Wilcoxon  Rank  Sum  W  406 
Z  -3.13 
Significance  .002 


Questions  Correct  Without  Prompting 
1   2  3  4        5  TotaT 


3 

7 

23 

14 

7 

5.4 

12.5 

41.1 

25.0 

12.5 

100.0 

100.0 

92.0 

87.5 

87.5 

4.7 

10.9 

35.9 

21.9 

10.9 

0 

0 

2 

•  2 

1 

0 

0 

25.0 

25.0 

12.5 

0 

0 

8.0 

12.5 

12.5 

0 

0 

3.1 

3.1 

1.6 

3 

7 

25 

16  . 

8 

4.7 

10.9 

39.1 

'  25.0 

12.5 

2 

3.6 
40.0 
3.1 

3 

•37.5 
60.0 
4.7 

5 

7.8 


Mann-Whitney  U 
Wilcoxon  Rank  Sum  W 
Z 

Significance 


109 
374 
-2.42 
.02 


56 
87.5 
(30.5) 


8 

12.5 
(46.8) 


64 
100.0 


44' 


443 


I* 

2 


ERJC 
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Table  272 

Interview  Data  Analyses:   Molarity  -  Problem  2 
Problem  Solved  Correctly 


Problems 
Correct 


Structural  Error  -  1 

—2  * — ■ — r 


Total 


No 

Yes 
Total 


11 

1 

8 

6 

19.6 

1.8 

14.3 

10.7 

100.0 

100.0 

100.0 

46.2 

17.2 

1.6 

12.5 

9.4 

0 

0 

0 

0 

0 

0 

87.5 

0 

0 

0 

53.8 

0 

0 

0 

10.9 

11 

1 

8 

13 

17.2 

1.6 

12.5 

20.3 

Chi  Square 

df 

V 

Significance 


24  "  5 
42.9  8.9 
96.0  ,  100.0 


37.5 

I 

1 

12.5 
4.0 
1.6 

25\ 
39.1 

25.68 
6 

.63 
.0003 


7.8 

0 
0 
0 
0 

5 

7.8 


i.1 

100.0 
1.6 

0 
0 
0 
0 

1 

1.6 


56 
87.5 


8 

12.5 


64 
100.0 


'i  1 xJ 


Table  273 

Interview  Data  Analyses :   Molarity  -  Problon  2 
Problem  Solved  Correctly 


Structural  Error  -  2  

 5  7  8  9  Total 


14  4  4  18  8  56 

25.0  7.1  7.1  32.1  14.3  87.5 

100.0  100.0      100.0  69.2  100.0 

21.9  6.3    '  6.3  28.1  12.5 

0  0  0  8  0  8 

0  0  0  100.0  0  12.5 

0  -  0  0  30.8  0 

0  0  0  12.5  0 

14-  4  4  26  8  64 

21.9  6.3  6.3  40.6  12.5  100.0 

Chi  Square  13.36  > 

df  6 

V  .46 

Significance  .04 


Table  274 

Interview  Data  Analyses :   Molarity  -  Problem  3 
Problem  Solyed  Correctly 


Problems 

Structural  Error 
A  ^ 

-  1 

 c 

O 

7 

o 
O 

Q 

Total 

Correct 

0 

20 
'37.0 
100  0 
31.3 

1 

10  ' 
18.5 
100.0 
15.6 

3 

5 

9.3 
83.3 
7.8 

*  2 
5.7 
100.0 
3.1 

1 

1.9 
50.0 
1.6 

2 

3.7 
100.0 
3.1 

2 

3.7 
100.0 
3.1 

2 

3.7 
100.0s 
3.1 

10 
18.5 
55.6 
15.6  . 

54 
84.4 

Yes 

o  • 

0 
0 

0 

0 

o  . 

0 

0 

1 

10.0 
16.7 
1.6 

•'  0 

0 
0 
0 

1 

10.0 
50.0 
1.6 

0 
0 
0 
0 

0 
0 

0' 
0 

0 
0 
0 
0 

8  • 
80.0  • 
44.4 
12.$ 

15.6 

i 

Total 

20 
31.3 

10 
15. 6> 

6 

9.4 

>2 
3.1 

2 

3.1 

2 

3.1 

2 

3.1 

1 

3.1 

18 
28.1 

64 

100. 0 

I 

a 

I 

t 

-    Chi  Square* 
df 
V 

Significance 

20.17 
8 

,  .56 
.01 

i 


Table  275 


Interview  Data  Analyses:    Molarity  -  Problem  3 
Problem  Solved  Correctly 


Yes 
Total 


Structural  Error  -  2 
~I  2  3 


Total 


Chi  Square 

df 

V 

Significance 


18 

13 

5 

13 

5 

54 

33.3  . 

24.1 

9.5 

24.1 

9.3- 

84.4 

100.0 

100.0 

33.3 

100.0 

100.0 

28.1 

20.3 

7.8 

20.3 

7.8 

0 

0 

10 

0 

0 

10 

0 

0 

100.0 

0 

0 

15.6 

0 

0 

66  7 

0 

0 

0 

0 

15.6 

0  • 

0 

18 

13 

15 

13 

5 

64 

28.1 

20.3 

25.4 

20.3 

7.8 

100.0 

38.72 
4 
.78 
<.0001 


35 
64.8 
100.0 
54.7 

0 
0 
0 
0 

35 
54.7 


Structural  Error  -  3 
~~ I  2  3— 


3 

5.6 
100.0 
4.7 

0 
0 
0 
0 

3 

4.7 


8 

14.8 
100.0 
12.5 

0 
0 
0 
0 

8 

12.5 


Total 


Chi  Square 

df 

V 

Significance 


i4?i 

44.4 
12.5 

10 
100,0 
55.6 
15.6 

18 
28.1 

30.29 
3 
.69 
<  .0001 


84.4 


10 

15.6! 


64 
100.0 


52 
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Table  276 

/ 

-  \ 

Interview  Data  Analyses:   Molarity  - 
Problem  Solved  Correctly 

Problem  3 

Problems 
Correct 

Systematic  Approach 

No  Answer  Given 

Aigontnmic  heasuiixng 
Strategy 

~TT          r  Total 

0  1 

Total 

 °-4  l— 

No 

30            24  54 
55.6         44.4  84.4 
100.0  70.6 
46.9  37.5 

32  22 
59.3  40.7 
76.2  100.0 
50.0  34.4 

54 
84.4 

48  6 
88/9  11.1 
100.0  37.5 
75.0  9.4 

54 
84.4 

Yes 

0            10  10 
0        100.0  15.6 
0  29.4 
0  15.6 

10  0 
100.0  0 
23.8  0 
15.6  0 

10 
15.6 

0  10 
0  100.0 
0  62.5 
0  15.6 

10 
15.6 

Total 

30             34  64 
46.9          53.1  100.0 

42  22 
65.6  34.4 

64 
100.0 

48  16 
75.0  25.0 

64 
100.0 

Chi  Square  8.35 
df  1 
Phi  .40 
Significance  .004 

Chi  Square 

d£ 

Phi 

Significance 

i  — 

4.53 
1 

.31 
.03 

Chi  Square 

ax 

Phi 

Significance 

30.97 
1 

.74 
<.0001 

O 

ERJC 

1 

1 

\ 

\ 

I 

Table  277 

Interview  Data  Analyses :   Molarity  -  Problem 
Problem  Solved  Correctly 


Problems 
Correct 


Questions  Correct 

 nr  r 


Total 


No 

Yes 
Total 


6 

11.1 
100.0 
9.4 

0 
0 
0 
0 

6 

9.4 


24 
44.4 
96.0 
37.5 

1 

10.0 
4.0 
1.6 

25 
39.1 


17 
31.5 
77.3 
26.6 

5 

50.0 
22.7 
7.8 

22 
34.4 


i 

i 

13.0 
63.6 
10.9 

4 

40.0 
36.4 
6.3 

11 
17.2 


Mann-Whitney  U  127 

Wilcoxon  Rank  Sum  W  467 

Z  -2.79 

Significance  .005 


54 
84.4 
(29.9) 


10 
15.6 
(46.8) 


64 
100.0 


Table  278 

Interview  Data  Analyses :   Molarity  -  Problem  3 
Problem  Solved  Correctly 


Problems 

Evaluation  Sum 

 1  

1 

10  UcLL 

Conroents  About  Solution 
0               1  Total 

Correct 
No 

0 

50 
92.6 
87.7 
78.1 

4 

7.4 
57.1 
6.3 

54 
84.4 
(31.4) 

21 
38.9 
67.7 
32.8 

33 
61.1 
100.0 
51.6 

54 
84.4 
(3S.6) 

Yes 

7 

70.0 
12.3 
10.9 

3 

30.0 
42.9 
4.7 

10 
15.6 
(38.6) 

10 
100.0 
32.3 
15.6 

0 
0 
0 

0 

10 
15.6 
(16.0) 

Total 

57 
89.1 

7 

10.9 

64 
100.0 

31 
48.4 

33 
51.6 

64 
100.0 

Mann-Whitney  U 
Wilcoxon  kank  Sum  W 

Z 

Significance 

209 
386 
■2.09 
.04 

Mann-Whitney  U 
Wilcoxon  Rank  Sum  W 

Z 

Significance 

435 
160 
3.52 
.0004 

Table  279 

Interview  Data  Analyses:   Molarity  -  Total 
Problem  Solved  Correctly 


Problems 

Systemmatic  Approach 

Total 

0 

Nonsystenmatic  Approach 
1          2  3 

Total 

Correct  

o 

0 

8 

20.5 
100.0 
12.5 

j.  i- 

9  9 
23.1  23.1 
100.0  47.4 
14.1  14.1 

13 
33.3 
46.4 
20.3 

39 
60.9 
(27.0) 

22 
56.4 
48.9 
34.4 

10 
25.6 
83.3 
15.6 

5 

12.  o 
100.0 
7.8 

2 

100.0  < 
3.1 

39 
60.9 
(37.1) 

I 

0 
0 
0 
0 

0  10 
0  66.7 
0  52.6 
0  15.6 

5 

33.3 
17.9 
.  7.8 

15 
23.4  - 
(34.8) 

13 
86.7 
28.9 
20.3 

i 

13.5 
16.7 
3.1 

0 

n 
U 

0 
0 

0 

U 

0 

0  . 

15 
23.4 
(26.8) 

2 

0 
0 
0 
0 

0  0 
0  0 
0  0 
0  0 

8 

100.0 
28.6 
12.5 

8 

12.5 
(50.5) 

8 

100.0 
17.8 
12.5 

0 
0 
0 

0 

0 
0 
0 
0 

0. 
0 
0 
u 

8 

12  5 
(23.0) 

3 

0 
0 
0 
0 

0  o 
0  o 
0  0 
0  0 

2 

100.0 
7.1 
3.1 

2 

3.1 
(50.5) 

2 

100.0 
4.4 
3.1 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

L 

3.1 
(23.0) 

Total 

8 

12.5 

9  19 
14.1  29.7 

28 
43.8 

64 
100.0 

45 
70.5 

.  i: 

18.8 

5 

7.8 

2 

3.1 

64 
100.0 

KVs  Chi  Square 
df 

Significance 

14.68 

9 

.002 

KK  Chi  Square 
df 

Significance 

9.95 
9 

.02 

457 


Table  280 


Interview  Data  Analyses:   Molarity  -  Total 
Problem  Solved  Correctly 


Problems 
Correct 


No  Answer  Giveiy  , 
 1  —^L  TStaT 


Algorithmic  Strategy  Only 


19 

\       1  c 

15 

5 

3S* 

5 

1  -I 
11 

1  fl 

lo 

48.7 

38.5 

12.8 

60.9 

£0.  - 

o 

52.8 

65.2 

100.0 

(35.41 

27.8 

55.0 

90.0 

29.7 

23.  4\ 

7.8 

7.8 

17.2 

28.1 

7 

8 

0 

15 

r 

b 

2 

46.7 

53.3 

0 

23.4 

33.3 

46.7 

13.3 

1 

19.4 

34.8 

0 

(34.2) 

27.8 

35.0 

10.0 

10.9 

12.5 

0 

',7.8 

10.9 

3.1 

8 

0 

0 

8 

.  6 

2 

0 

100.0 

0 

0 

12.5 

75.0 

25.0 

0 

2 

22.2 

0 

0 

(18.5) 

33.3 

10.0 

0 

12.5* 

0 

0 

9.4 

3.1 

0 

2 

0 

0 

2 

2  ' 

0 

0 

100.0 

0 

0 

3.1  » 

100.0 

0 

0 

3 

5.6 

0 

0 

(18.5) 

11.1 

0 

0 

3.1 

0 

0 

3.1 

.0 

0 

Total 

36 

23 

5 

64 

18 

20 

20 

5b. 3 

35.9 

7.8 

100.0 

28.1 

31.3 

31.3 

KW  Chi  Square  8.70 
df  6 
Significance  .03 


5 

12.8 
83.3 
7.8 

1 

6.7 
16.7 
1.6 

0 
0 
0 
0 

0 
0 
0 
0 

6 

9.4 


KW  Chi  Square  19.19 
df  6 
Significance  .0003 


Total 


39 
60.9 
(39.5) 


15 
23.4 
(27.0) 


8 

12.5 
(14.3) 


-  2 
3.1 
(  9.5) 


64 
100.0 


Table  281 


Interview  Data  Analyses :   Molarity  -  Total 
Problem  Solved  Correctly 


Mgorithmic  Reasoning  Strategy 


T 


3"  Total 


54 

5 

0 

87.2 

12.8 

0 

0 

91.9 

45.5 

0 

53.1 

7.8 

0 

3 

6 

5 

20.0 

40.0 

33.3 

1 

8.1 

54.5 

71.1 

4.7 

9.4 

7.8 

(f 

0 

2 

0 

0 

2 

0 

0 

28.6 

0 

0 

3.1 

0 

0 

0 

0 

•  0 

0 

3 

0 

0 

0 

0 

0 

0 

Total 

37 

11 

7 

57.8 

17.2 

10.9 

KW  Chi  Square  44.84 
df  9 
Significance    < .0001 


Comments  About  Solution 
~~ I  2  T~ 


0 

39 

9 

13 

12 

U 

ou  .y 

7\  1 

30.8 

U 

(72  1  i 

48.1 

85.7 

U 

14  1 

20.3 

18.8 

1 

15 

1 

12 

2 

6.7 

IT.  A 

H  7 
Q.  / 

fin  n 

13  3 

11.1 

(42.5) 

5.6 

44.4 

14.3 

1.6 

1.6 

18.8 

3.1 

6 

8 

6 

2 

0 

75.0 

12.5 

75.0 

25.0 

0 

66.7 

(58.0) 

33.3 

7.4 

0 

9.4 

9.4 

3.1 

0 

2 

2 

0 

0 

100.0 

3.1 

100.0 

0 

0 

22.2 

(60.0) 

11.1 

0 

0 

3.1 

3.1 

0 

0 

9 

64 

18 

27 

14 

14.1 

100.0 

28.1 

42.2 

21.9 

KW  Chi  Square 

df 

Significance 


5 

12.8 
100.0 
7.8 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 

0 
0 

5 

7.8 


13. 


/ 
9 

.005 


Total 


8 

12.5 
15.1 


2 

3.1 
9.5 


64 
iOO.O 


Table  282 

Interview  Data  Analyses:   Molarity  -  Total 
Problem  Solved  Correctly 


Problems 
Correct 


Total 


Questions  Correct 
1         2  3" 


Total 


KW  Chi  Square  19.23 
df  9 
Significance  .U002 


Questions 


Correct  Without  Prompting 
7  3         *"  r 


Total 


\ 


5 

23 

*? 

/ 

4 

39 

3 

7 

12.8 

59.0 

i:.9 

10.3 

60.9 

7.7 

17.9 

83.3 

92.0 

51.8 

56.4 

(25.3) 

100.0 

100.0 

7.8 

'  35.9 

10.9 

6.3 

A  7 

1 

2 

10 

-} 

15 

0 

0 

6.7 

13.3 

66.7 

13.3 

23.4 

0 

0 

16.? 

8.0 

45.5 

18.2 

(39.0) 

0 

0 

1.6 

3.1 

15.6 

3.1 

0 

0' 

0 

4 

4 

8 

0 

0 

0 

0 

50.0 

50.0 

12.5 

0 

0 

0 

0 

18.2 

56.4 

(50.8) 

0 

0 

0 

0 

6.3 

6.3 

0 

0 

0 

0 

1 

1 

"2 

0 

0 

0 

0 

50.0 

50.0 

3.1 

0 

0 

0 

0 

4.5 

9.1 

(50.8) 

0 

0 

0 

0 

1.6 

1.6 

0 

0 

6 

25 

22 

11 

64 

3 

7 

9.4 

39.1 

54.4 

17.2 

100.0 

4.7 

10.9 

15 
38.5 
60.0 
23.4 

7 

46.7 
28.0 
10.9 


2 

25.0 
8.0 
3 


1 


1 

50.0 
4.0 
1.6 

25 
39.1 


11 

2 

1 

39 

28.2 

5.1 

2.6 

60.9 

68.8 

25.0 

20.0 

(27.0) 

1  /  .  L 

1.6 

< 

2 

5 

1 

15 

13.3 

33.3 

6.7 

Z3.4 

12.5 

62.5 

20.0 

(39.2) 

'  3.1 

7.8 

1.6 

3 

1 

• 

2 

8 

37.5 

12.5 

25.0 

12.5 

18.8 

12.5 

40.0 

(44.5) 

4.7 

1.6 

3.1 

0 

0 

1 

2 

0 

0 

50.0 

3.1 

0 

0 

20.0 

(42.5) 

0 

0 

1.6 

16 

8 

.  5 

64 

25.0 

12.5 

7.8 

100.0 

KW  Chi  Square  10.07 
df  15 
Significance       . 02 


O 
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Nansystenmatic  approach.   Moles,  problem  1,  total  (Tables  220,  235),  and 
molarity,  total  (Table  279).    This  approach  was  txsed  by  students  getting  the 
problem  incorrect.  , 

No  answer  given.   Moles,  problem  1  (Table  221),  stoichicmetry,  total  - 
(Table  262) ,  and  molarity,  problem  3,  total  (Tables  276,  280).    Students  not 
giving  an  answer  got  the  problem  incorrect. 

Algorithmic  strategy.   Moles,  problem  2,  total  (Tables  225,  235),  stoichicmetry, 
total  (Table  263),  and  molarity,  problems  1,  2,  total  (Tables  265,  271,  280  ) . 
For  moles,  this  strategy  was  used  most  for  students  getting  two  or  three  problems 
correct,  for  stoichicmetry  and  molarity  for  students  with  one  problem  correct. 

Algorithmic/reasoning  strategy.    Moles,  all  problems  (Tables  221,  225, 
231,  236),  gas  laws,  problem  1,  3,  total  (Tables  240,  246,  250),  stoichicmetry, 
all  problems  (Tables  252,  255,  259,  264),  and  molarity,  all  problems  (Tables  266, 
270,  276,  281).    This  strategy  predominated  for  successful  problem  solvers. 

j  Random  trial  and  error.  Moles,  problem  1  (Table  221),  and  stoichicmetry, 
problem  2  (Table  256).  This  strategy  was  used  more  frequently  by  students  who 
got  the  problem  incorrect. 

Misinterprets  the  problem.    Gas  laws,  problem  3  (Table  246).    An  insuffi- 
cient number  of  subjects  were  analyzed  to  make  a  judgement  about  the  results. 

Disregards  information  generated.    Moles,  problem  2  (Table  226).  Students 
who  missed  the  problem  did  this  more  frequently. 

Misapplies  information.    Molarity,  problem  1  (Table  266).    Students  who 
missed  the  problem  did  this  more  frequently. 

Does  not  generate  information.    Moles,  problem  2,  total  (Tables  226,  236). 
Students  who  missed  the  problem  did  this  more  frequently. 

Evaluation.    Gas  laws,  problem  3  (Table  246)  and  molarity,  problem  3  (Table 
278  ).    Used  more  frequently  by  students  who  got  the  problem  correct. 


o  482 
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Comments  about  solution.    Moles,  all  problems "(Tables  222,  227,  231,  236), 
gas  laws,  problems  1,  2  (Tables  240,  244),  stoichiometry ,  all  problems  {Tables 
2^2,  256,  259,  263),  and  molarity,  problems  1,  3,  total  (Tables  266,  278,  281). 

Students  solving  the  problems  incorrectly  more  frequently  made  comments  about 

\ 

the\  solution. 

\  Executive  errors.    Moles ,  problems  1,2, (Tables  222 ,  227) ,  and  gas  laws , 
problems  1,2,  total  (Tables  240,.  244,  251).    Students  who  missed  the  problems 
made  tfpre  executive  errors. 

Questions  correct.    Moles,  all  problems ' (Tables  223,  228,  232,  238),  gas 
laws,  problem  3  (Table  248),  and  molarity,  all  problems  (Tables  267,  271,  277,  282). 
If  studehts  answered  the  questions  correct,  they  more  frequently  got  the  problem 
correct . 

Questions  correct  without  prompting.   Moles, all  problems  (Tables  224,  229,  233, 
239),  g&  \aws,  problem  1,  total  (Tables  241,  251),  stoichiometry,  all  problems 
(Tables  253.,  257,  260,  264),  and  molarity,  problems  1,2,  total  (Tables  267,  271, 
282).    If  tile  student  got  the  questions  correct  without  prompting,  they  were  more 
likely  to  get  the  problem  correct. 

Structural  errors. 

1 .  Gas  Laws  1  -  1 ,  Table  242 .    Students  who  got  the  problem  correct  made  no 
errors .    Students  who  got  the  problem  incorrect  more  frequently  forgot  to  change 
to  Kelvin  temperature  rather  than  making  an  error  in  the  conversion. 

2.  Gas  Laws  1-2,  Table  242.    Among  Students  who  got  the  problem  incorrect.  , 
the  major  error  was  to  use  the  factor  or  proportion  incorrectly.    This  error  was 
more  prevalent  than  forgetting  to  change  to  Kelvin  temperature. 
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3.    Gas  Laws  2-2,  Table  245.    Students  who  did  not  work  the  problem 
correctly  failed  to  set  up  the  factor  or  proportion  correctly/  More  made  this 
error  than  those  associated  with  Kelvin  temperature  conversion. 

•  4.  Gas  Laws  3  -  ?,  Table  249.  Students  who  did  not  get  the  problem  correct/ 
frequently  failed  to  convert  the  moles  to  volume  and  also  did  not  set  up  a 


/ 


factor  or  proportion. 

Y 

5.  Stoichiometry  1-1,  Table  254.    The  major  error  committed  by  students 
getting  the  problem  wrong  was  failure  to  recognize  the  need  to  balance  the 
equation  before  working  the  problem:    This  was  followed  by  balancing  the 
equation  incorrectly. 

6.  Stoichiometry  2-1,  Table  254.    Students  who  solved  the  problem 
incorrectly  failed  to  use  the  equation.  ^ 

7.  Stoichiometry  2-2,  Table  256.    Students  who  solved  tjjp  problem 
incorrectly  failed  to  use  the  equation. 

8.  Stoichiometry  3-3,  Table  261.   The  error  consisted  primarily  of  not 
using  the  equation  correctly  for  determining  the  product. 

Molarity  1-1,  Table  268.    In  the  first  step  of  the  molarity  problem, 
an  equal  number  of  students  failed  to  calculate  the  molecular  weight  as 
calculated  it  correctly.    Of  students  who  missed  the  problem,  more  students 
calculated  the  molecular  weight  correctly  than  aid  not. 

Molarity  2-1,  Table  272.  Students  who  missed  the  problem  more 
frequently  used  the  volume  change  incorrectly  than  failed  to  realize  that 
a  change  occurred. 
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\ 

Molarity  2-2,  Table  273.    One  major  error  existed,  25%  of  the 
students  did  not  use  the  definition  of  molarity  correctly.  Thirty-two 
percent  used  the  definition  correctly  and  made  the  mL-L  conversion  correctly. 
These  students  did  not  use  the  volume  change  properly. 

Molarity  3-1,  Table  274.    Of  those  missing  the  problem,  more 
failed  to  calculate  the  molecular  weight  than  eithei  calculated  it  correctly 
or  incorrectly. 

Molarity  3-2,  Table  275.    In  solving  the  molarity -stoichiometry 
problems,  students  frequently  realized  that  a  balanced  equation  must  be 
.  used  but  either  were  unable  to  use  it  or  used  it  incorrectly. 

Molarity  3-3,  Table  275.    Of  students  who  missed  the  problem 
equal  numbers  used  the  definition  of  molarity  correctly  as  incorrectly. 
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A  special  note  should  be  made  concerning  the  chi -square  analyses  and 
their  interpretation  Cor  the  first  five  hypotheses.    A  very  loose  inter-1 
pretation  has  been  given  to  these  data  because  of  the  coding  system  used. 
A  more  appropriate  analysis  (that  time  did  not  permit)  would  be  to  re- 
classify errors  into  single  categories  and  analyze  data  in  this  manner. 
This  has  been  done  to  some  extent  in  the  Detailed  Analysis  of  Structural 
Errors  that  follows  although  no  additional  chi -square  analyses  were  per- 
. formed.    The  appropriate  categories  for  the  analyses  are  given  in  Tables 

290,  293  and  296. 
Hypothesis  6 

There  are  no  differences  in  the  number  of  questions  a  student  answers 
successfully  according  to  verbal -visual  preference,  proportional  reasoning 
ability,  success  in  problem  solving,  the  method  taught  in  learning  problem 
solv  ng,  and  the  number  of  problems  solved  correctly. 

Data  collected  *  o  test  this  hypothesis  have  been  included  in  the  summary 
charts  (Tablec  116,  122,  157,  194,  219).    The  number  of  questions  answered 
correctl/  and  the  number  of  questions  answered  correctly  without  prompting  were 
analyzed  in  terms  of  the  other  categories  listed  in  the  hypothesis.  Results 
arc  summarized  in  Tables  283  and  284. 

More  detailed  information  about  the  significant  findings  are  found  in 
Tables  129,  130,  144,  154,  155,  169,  170,  186,  187,  238,  239,  251,  264 
and  282.  Results  show  that  neither  the  teaching  strategy  nor  students' 

verbal -visual  preference  made  any  difference  as  to  the  number  of  questions 
aivwered  correctly  with  or  without  prompting.    Answering  the  questions  correctly 
wa>  related  to  proportional  reasoning  ability  except  for  the  gas  1,  n-uestions. 
This  is  an  interesting  filing  because  the  gas  law  questions  were  more  quali- 
tative in  nature  whereas  the  qu  .stions  from  the  other  units  more  quantitative. 


396 


Table  283  i 
Sunmary  of  Findings  of 
"Answers  Questions  Correctly" 


Moles  Gas  Jaws        Stoichiometry  Molarity 

Analysis  P  P   P  P 

Verbal -Visual  Preference  ' 

Proportional  Reasoning  m 

Ability                          .005  -  .03  .001 

Success  on  Tests               <.0001  ~  .01 

Teaching  Strategies  - 

Problem "Solved  Correctly     .004  -  -  .0002 


Table  284 
Summary  of  Findings  for 
"Answers  Questions  Correctly  Without  Prompting" 


Analvsis 


Moles       Gas  Laws        Stoichiometry  Molarity 
P  p  P  P 


Verbal -Visual  Preference 
Proportional  Reasoning 

Ability  <.0001 
Success  on  Tests  <.0001 
Teaching  Strategies 

Problem  Solved  Correctly    <.0001  .02 


.04 
.05 

.002 


.002 


.0.'. 
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Success  on  the  tests  and  solving  the  problem  correctly  was  also  dependent 
on  the  number  01  questions  a  student  answered  successfully.    The  exception 
to  this  was  the  gas  law  problems  where  the  questions  were  more  conceptual 
rather  than  quantitative. 
Detailed  Analysis  of  Structural  Errors 

Because  of  the  importance  of  the  structural  error  sectioi.,  more  detailed 
analyses  were  performed.    Vov  the  moles  interviews,  a  listing  of  the  types  of 
errors  the  students  made  in  solving  the  problems  was  formulated.    This  was 
done  before  tapes  from  the  other  units  were  analyzed.    Because  this  yielded 
interesting  information,  special  structural  error  coding  sheets  unique  to  each 
of  the  other  units  were  drawn  up  and  used  in  their  subsequent  analyses. 

Moles  Structural  Errors.   A  summary  of  the  results  of  students1  responses 
to  questions  asked  students  at  the  beginning  of  the  interviews  and  a  summary  of 
the  errors  made  are  given  in  Tables  285  -  287.    As  stated  previously,  the  pur- 
pose of  including  questions  was  to  test  stttdents'  knowledge  of  facts  and  con- 
cepts thought  to  be  essential  to  solve  the  problem.   .Although  the  percentages 

r%  V 

of  students  answering  correctly  improved  with  prompting,  (it  was  rather  dis- 
couraging  to  find  the  initial  percentages  so  low.    (See  Table  285). 

Uiie  might  argue  that  the  reason  that  the  initial  response  was  poor  was 
that  the  instruction  was  insufficient.    This  was  probably  not  the  case.  Teachers 
commented  that  by  using  the  packets  they  felt  that  there  was  much  more  thorough 
instruction  than  has  been  previously  given.    Students  generally  obtained  very 
high  scores  on  the  immediate  posttests  indicating  that  they  had  at  least  mem- 
orized  the  facts  and  concepts  at  one  point  in  time.    For  some  reason  these  con- 
cepts have  not  been  thoroughly  understood  and/or  are  not  retained  by  the  students. 
Even  though  correct  answers  were  supplied  to  students  who  missed  the  questions, 
this  was.probably  not  very  useful  in  helping  them  solve  the  problems  because  they 
did  not  understand  the  concepts  involved.    The  difference  in  findings  in 
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Table  285 
Moles  Questions : 
Summary  of  Results 


Question 


Correct      Correct  Without  Prompting 

N     ,  t  N  % 


The  formula  for  calcium  hydroxide  67     91  38  51 

is  Ca(0!i)2.  How  many  atoms  of  each 
elen^nt  are  present  in  a  molecule  of 
calcium  hydroxide?- 

If  you  had  a  mole  of  something,  48  ^  65  5  12 

what  would  that  mean  to  you? 


3        Ibw  many  particles  arc  in* one  mole?         08  92 


mole  of  iron? 


ibw  would  you  determine  the  mass  of  one   68  92 

0 

mole  of  aiiimonia  (Mi-)? 


64  86 


What  volume  would  one  mole  of  a  ideal      04     80  58  '  78 

gas  occupy  at  STP? 

How  would  you  determine  the  mass  of  one    51     69  34  46 


54  73 


\ 


400 


Table  286 
Moles:    Analyses  of  Problem^ 


Problem* 
Number 


B^.No. 


1M 

24  = 

16 

IMo 

,  25 

12 

IV 

25  • 

11 

74 



39 

Zbhto 

29 

11 

2MoV 

lis  im 

14 

2VM 

23 

10 

"7,1 
/  T 

35 

3MA 

24 

.  3 

3VA 

23 

3 

3VM 

ly 

4 

Molecules 


Skill 

Moles-  »  Mass 

Moles   

Moles  Volume 

Mass   »  Molecules      Ma   M  9 

Molecules — >  Volume  Mo   M  5 

Volume  >Mass  V     M  4 


(4 


•  9) 


Lrrors 


Mass 


Volume 
Volume 


->  Atoms 


Atoms 


Mass  Atoms 


Ma  M  7 

V  M 

8 

V  M 


X 

M —  Ma  5 

M— Mo  9 

M  —V  10 


M  Mo  4 
M  V  3 
M  Ma 


X 

M     Mo  Mo  A 

M     Mo  Mo  A 

M     Ma  1  MafMol)  Ma  (At) 


66 


10 


(15%) 


erJc 


/ 1. 
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Table  287 
Moles': 
Structural  Errors 


(PPKT  =  13. 42 J 


Wrong  operation  used  but  correct  concepts 

3  Miltiply  volump  x  22.4  instead  of  dividing 

1     Multiplies  atopic  masses  instead  of  adding  ^ 
1     Divides  mol.  wfc.  by  moles  instead  of  multiplying 
1     Divides  22.4  liters  by  liters  instead  of  reverse 
1     Divides  6.02  x  lb"  molecules  by  number  of  particles  , 
-  instead  of  reverse 

Conceptual ,  confused!  about  meaning  of  mole 

1  Finds  moles  and  calls  ^J:  grams 

2  Finds  moics  and  calls  it\liters 

2     Finds  moics  and  calls  it  molecules 

1     Leaves  Answers  in  moles  instead  of  converting  to  mass 

1  Leaves  Wswers  in  moles  of  atoms  rather  than  number  of  atoms 

Use  wrong  conversion  factor  +  conceptual 

10   Use  mol.  wt.  instead  of  22.4  1 

4  Find  the  mass  instead  of  volume 

2  Finds  volume  instead  of  mass  but  calls  _it  grams 
2     Multiply  mass  x  22.4  1 

2     Divides  mol.  wt.  into  liters 

1  Divides  mol.  wt.  by  22.4 

4     Multiply  mass  by  6.02  x  10" 

2  Multiply  volume  by  b.02  x  10" 

4     Use  mol.  wt.  instead  of  6.02  x  10" 

Leaves  out  moies 

1     Finds  atoms  in  formula  jjistead  of  atoms  in  moles  present 
1     Converts  grams  to  molecules  without  mole  conversion 

Miscellaneous 

1     Finds  molecules  instead  of  atoms 

1  Finds  total  mass  rather  than  mass  of  part 

2  Confused  by  additional  information  in  problem  (STP) 


T 
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Tables  283  and  284  are  slight  indicating  that  giving  students  the  answer  made 
little  difference  in. their  solving  problems  correctly. 

Table  282  breaks  the  errors  down  in  terms  of  the  types  of  problems  students 
solved  in  each  set.    Problems  lM,lMo,andlV  differed  from  one  another  in  that 
they  involved  moles  *ts  mass,  molecules,  and  volume.  ^Students  had  been  given 
j  (in  the  question  section)  the  prerequisite  facts  to  answer  these  problems 

correctly.    Many  errors  were  made  even  though  they  had  the  information  within 
miiiues  beforehand.    The  smallest  numbers  of  errors  were  made  in  changing  moles 
to  mass  rather  than  to  molecules  or  to  volume.    Apparently,  studefrts  perceive 
the  mole  as  mass  rather  than  a  volume  or  a  number.    Equal  emphasis  had  been 
given  to  all  three  parameters  in  the  instruction. 

The  second  set  of  problems  involved  two  conversions.    One  of  these  used 
division  to  change  from  mass,  molecules,  or  volume  to  moles;  the  other  in- 
volved nailtiplication  to  change  from  moles  to  molecules,  volume,  or  mass. 
Results  indicate  that  more  errors  were  made  with  the  division  concept  than 
with  multiplication.    In  this  case  the  largest  numbers  of  errors  were  made  with 
the  mass  concept.    The  reason  for  this  was  probabl)   aie  to  the  fact  that  the 
volumes  given  were  multiples  of  22.4  and  the  number  of  molecules  given  were 
C  multiple?  of  6.02  x  10Z3.    This  may  have  cued  students  sufficiently  to  enable 

/  them  to  see  that  division  was  needed  to  solve  the  problems.    More  evidence 

for  this  stems  from  the  fact  that  more  students  got  the  molecules -volume  problem 
correct  than  the  ones  involving  mass. 

Problems  in  the  third  set  each  involved  transfer.    Students  had  to  tell 
the  number  of  atoms  or  the  mass  of  atoms  after  they  solved  the  problem  in  terms 
of  molecules.    Students  had  not  encountered  problems  of  this  nature  before  but 
should  have  been  able  to  work  the  problems  correctly  if  they  had  understood  all 
the  problems  up  to  this  timeV   From  Table  286  it  can  be  seen  that  very  few 
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students  got  these  problems  correct .  As  in  the  case  with  the  second  set  of 
problems,  a  large/  proportion  of  students  missed  the  mass  to  mole  conversion 
than  the  volume  to  mole  conversion.    Once  students  got  this  far  they  usually 
did  not  know  hot  to  proceed. 

in  Table  287  the  errors  that  students  made  in  solving  the  moles  problems 
were  summarized  according  to  five  categories . In  sane  cases,  students  used  a 
wrong  operation.    Large  numbers  of  students  showed  .complete  lack  of  the  mean- 
ing of  the  mole  (categories  II  and  III)  as  is  shown  when  students  did  not 
knqw  what  they  had  solved  for  or  used  the  wrong  conversion  factors. 

Gas  Laws  Structural  £rrors .    A  summary  of  the  prerequisite  questions  that 

—  ■  "  t 

student?  answered  correctly  and  the  summary  of  the  structural  code  results  are 
given  in  Tables  288  to  290.    The  questions  that  were  asked  in  this  unit  were 
more  conceptual  (qualitative)  than  quantitative.  (Two  other  questions  that 
should  have  been  asked  but  were  not  because  of  lack  of  foresight  were  as 
follows:    (1J  How  many  liters  of  a  gas  were  equal  to  250  ml.?  and  (2)  What  is 
the  meaning  of  SIP?)  As  with  the  questions  for  moles,  many  students  needed 
prompting  to  get  them  correct.    Once  a  student  answered  the  first  question 
correct  or  was  given  the  correct  answer,  this  acted  as.  a  cue  for  questions  two 
and  three.    Question  four  was  included  to  determine  if  students  really  under- 
stood the  gas  law  concept  or  had  only  memorized  the  result.    From  the  law  per- 
centage getting  the  answer  correct,  it  appears  that  few  students  really  thought 
about  the  concept  correctly.   Most  probably  memorized  the  results. 

lable  28l.)  gives  the  percentage  of  students  who  got  the  problem  correct  for 
each  of  the  three  problem  categories  and  the  number  of  students  who  made  struc- 
tural errprs  as  they  appeared  on  the  coding  sheets.    As  can  be  expected  as  the 
problems  become  more  complex,  fewer  students  were  able  to  solve  them.    Problem  3 
was  a  combination  gas  law  a..d  mole  problem  that  required  students  to  synthesize 
what  they  had  learned  in  the  gas  law  unit  with  that  learned  in  the  moles  unit. 
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Table  288 
Gas  J>aw  Questions: 
Sunwary  of  Kesults 


Question 


Cornet        Correct  Without  Prompting 

N        %         1  N 


a 


What  would  happen  to  the  volume  of* a        61      95  42'  66 

gas  sample  if  the  pressure  on  the 
sample  was  increased  and  the 
temperature  held  constant? 

What  would  happen  to  the  volume  of  a        64     100  52  81 

/ 

gas  sample  if  the  temperature  was 
increased  and  the  pressure  held 
constant? 

What  would  happen  to  the  tanperature        59      92  49  77 

of  a  gas  sample  if  the  pressure "on 


the  sample  was  decreased  and  the 
volume  held  constant? 

What  would  happen  to  the  pressure  of  a     19       30  11  17 

gas  sample  if  the  temperature  and  the 
volume  were  both  increased? 


■17., 


w 
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Table  289 
(kis  Law  Problems : 
Structural  Code  Results 


(PPRT  =  12.14) 


I^oblem 
1 


Problcn 
2 


Problem 
Distribution 
TP 


25 


18 


Correct 


Structural  Error  Coding 


PV 

N 

% 

A 

N 

B 

N 

18 

21 

on 

U 

1 
1 

n 
u 

t; 
j 

i 

19 

i 

1 

• 

L 

0 

o 

7 

17 

3 

l 

3 

41 

4 

35 

TPV 

PV1 

w 

0 

A 

- 

N 

B 

N 

20 

20 

17 

27 

0 

4 

0 

5 

1 

- 

1 

3 

2 

2 

2 

2 

3 

4 

3 

,  20 

4 

2 

4 

0 

5 

6 

5 

28 

I) 

43 

<i 

/ 

2 

8 

1 

M+'i\ 

MPV 

0 
0 

A 

N 

B 

Ni 

'  C 

21 

23 

2 

3  . 

0 

29 

0 

-  2o 

1 

_10 

1 

1 

1 

~> 

4 

1 
£. 

.  9 

3 

1 

3 

1 

4 

20 

4 

13 

5 

6 

• 

• 

7 

b 

8 

3 

'  9 

5 

11 


ERIC 


473 


406 


Table  290 
Gas  Law  Problems: 
Description  and  Summary  of  Structural  Coding 


Problem  Category 


N 


1  A         Doesn't  get  this  far  1  2^ 

Kelvin  temperature  >iat  required  19  30c 

Fails  to  change  to  Kelvin  temperature  8  18 

Makes  error  in  calculating  Kelvin  temperature  1  2 

Converts  to  Kelvin 'temperature  correctly  35  80 

/ 

B         Doesn't  get  this  far  5 

Doesn't  set  up  factor  or  proportion  1  2 

Inverts  a  factor  or  sets  up  wrong  proportion  17  29 

Sets  up  problem  correctly  41  69 

a 

2  •  A         Doesn't  get  this  far    4*  °b 

Tails  to  change  to  Kelvin  temperature  (beginning)     4  7 

N                         Fails  to  change  to  Kelvin  temperature  (end)  8  13 

i^kes  error  in  calculating  Kelvin  temperature           8  13 

Converts  all  Kelvin  temperatures  correctly  43  70 

B        -  Doesn't  get  this  far   _  .  .   5         .  ^ 

Doesn't  set  up  factor  or  po^portion                          3  5 

Disregards  one  of  the  conditions                               8  -  14 

Inverts  a  factor  or  sets  up  wrong  proportion  20  -43 

Correct  set  up  {regardless  of  Kelvin  temperature)  ,  28 .  •  47 

3  A          Doesn't  get  this  far                                   *  29  ^  45^ 

Kelvin  temperature  not  required  10  29 

1-ails  to  change  to  Kelvin  temperature                       4  10/ 

Makes  error  in  calculating,  Kelvin  temperature           1  -  4 

Converts  to  Kelvin  temperature  correctly  20  80 

a 

B          Doesn't  get  tl^s  far  20  41b 

f  ails  to  cotwert  moles  to  volume  14  .  37 

Doesn't  set  up  4  factor  or  proportion  27  71 

inverts  a  factor  or  sets  up  wrong  proportion             1  3 

Sets  up  problem  correctly  •                                       0  16 

Converts  to  liters  incorrectly                                 8  21 

C         Confused  about  SIT  '  11  17 


fbu.sed'on  aU  cases.  v 

''Remaining  \  's  ba^ed  on  those  who  got  that  far  (except  where  indicated). 
'  cBased  on  cases  m  which. a  change  was  required. 
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It  was  a  transfer  item  and  only  3$  of  the  students  solved  it  correctly.  & 

Because  of  the  coding  system,  several  structural  errors  were  grouped 
together  on  the  original  coding  sheets.    These  were  ungrouped  and  added  to- 
gether to  produce  the  results  found  in  Table  290. 

For  problems  in  category  1,  the  major  error  was  that  students  did  not 
^TTip  a  correct  factor  or  proportion.    Eighteen  (18%)  percent  of  the  students 
who  attempted  it  did  not  remember  to  change  to  Kelvin  temperature. 

Similar  results  arc  foun^  for  the  second  set  of  problems.  Students 

generally  converted  temperatures  to  Kelvin  correctly.    The  major  error  made  was 

i 

in  setting  up  the  proportions .    For  problems  in  group  3  which  involved  changing 
moles  tp  volume  as  one,, of  the  first  steps,  many  students  said  the  problem  just 
couldn/t  be  done  and  proceeded  no  further.    Thirty-seven  (37%)  percent  of 
those  who  proceeded  did  not  convert  moles  to  volume  and  seventy-one  (71%)  per- 
cent did  not  .^et  up  a  factor  or  a  proportion. 

Because  of "time  restrictions,  no  further  analysis  of  the  tapes  were  made 

i  * 

to  determine  just  what" students  do  in  the  calculation  when  they  get  the  prob- 
lem wrong.  The  coding;  sheet  only  dete mined  what  they  failed  to  do  when  they 
were  incorrect.  A  mor£  detailed  analysis  of  the  tapes  should  reveal  particu- 
lar errors  students  macle  and  where  the  confusion  in  concept  development  lies. 
In  addition  to  the  above,  chi- square  analysis  using  the  same  categories  as 


given  in  Table  290  wou 
previously  foi  each  of 


d  be  appropriate.  These  should  replace  those  given 
the  first  five  hypotheses  for  structural  errors. 


Stoichiometry  Structural  tirrors.    Tables    291  -  293  summarize 


the  data  for  structural  errors  for  the  stoichiometry  problems.    Table  291 

I 

gives  the  results  of  how      aents  responded  to  the  questions  that  tested  bacly- 
ground  information  needed  to  solve  the  problems.    Six  of  the  questions  were./ 
identical  to  those  asked  in/the  ffMoles  Problem"  interviews  (Table  285  ).  The 
percentages  she*'  only  a  s/ight  increase  indicating  ^hat  even  though  these 
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Table  291 
Stoichiometry  Questions:* 
Summary  of  Results 


Correct      Correct  Without  Prompting 


Question 


Jsl  I  N  +_ 


0 


3 


How  wtfuld  you  go  about  balancing  the        04  97 
following  equation: 

*"(aq)  +-^S°4'(aqj— >   Na2S°4(aq)    +  (aq) 


1        'lhe  formula  for  calciiun  hydroxide        ,    (>l      92  32  i  48 

is  Ca(OH)7.  fItow  many  atoms  of  each      •  ( 
eleijiei|t  are  present  in  a  molecule  of 
caldiijim  hydroxide?  .  •* 

If  yotf/had  a  mule  uf  something,  what       '45     08  ■  12  18 

04     97  ,  59   '  89 

.  / 

What  Volume  would  one  mole  of  an  ideal     58     88  52  79 

gas  occupy  at  STP? 

* 

How  would  you  determine  the  mass  of         40     70  31  47 

one  mole  of  iron? 

liow  would  you  determine  the  mass  of         02     94  50  70 

•* 

one  mole  of  ammonia  (NI I3)  ? 


54      '     •  .  82 
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Table  292 
Stoichiometry  Problems: 
Structural  Code  Results 


(PPRT  =  12.82) 

4 

Problem 


Distribution 

Correct 

Structural 

Iirror  GoJino 

I'robloin 

M 

V 

r 

N 

a  -'!> 

A 

B 

N 

1 

18 

27 

21 

18 

27 

0 

2 

0 

9 

■ 

1 

23 

1 

32  - 

2 

13 

La 

4 

3 

iy 

-N  3 

21 

Problem 

m 

MV 

MP 

N 

* 

A 

! 

N 

B 

N 

2 

26 

23 

17 

17 

26 

0 

2 
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Problem  Category 


Table  293 
Stoiciiiometry  iYoblenis : 

Description  and  Sunmmy  of ,  j^g^urjiLl^ji'lL 


Doesn't  get  this  far  * 

Balances  equation  correctly  23 

Balances  equation  incorrectly  13 

Does  not  attempt  to  balance  equation  28 

Doesn't  get  this  far                                 r  9 

Uses  equation  correctly  in  solving  problem  '*>  32 

Uses  equation  incorrectly  in  solving  problem  4 

Does  not  use  equation  in  solving  problem  *  21 


j 


A         Doesn 1 t  get  this  far  2 

Checks  to  see  that  equation  is  balanced  34 

Does  not  check  to  see  that  equation  is  balanced  30 

Doesn't  get  this  far  I 3 

Uses  equation  correctly  in  solving  problem  23 

Uses  equation  incorrectly  in  solving  problem  12 

Does  not  use  equation  in  solving  problem  18 

Doesn't  get  this  far  6 

Checks  to  see  that  equation  is  balanced  28 

Does  not  check  -to  see  that  equation  is  balanced  32 

Doesn't  get  this  far 

Uses  equation  correctly  for  determining  excess  3 

Uses  equation  incorrectly  for  determining  excess  5 

Does  not  use  equation    or  determining  excess  ?  > 

Doesn't  get  this  far 

Uses  equation  correctly  for  determining  product 
Uses  equation  incorrectly  for  determining  product 
Docs  not  use  equation  for  determining  product 


aBased  on  all  cases - 

bRemaining  %'s  based  on  those  who  got  that  far  (except  where  indicated) 
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concepts  were  reviewed  and  used  in  this  unit,  there  was  no  substantial  jjain 
in  knowledge.    The  new  question  wluth  was  concerned  with  balancing  an  equation 
was  answered  correctly  by  ninety-*  jven  (U7t )  |>erccnt  of  the  students  when 
prompted. 

Table  292  gives  the  percentage  of  students  who  got  the  problems  correct 
.    according  to  categories.    The  first  problems  that  involved  two  steps  (changing 
from  mass,  volume,  or  particles  of  one  substance to  moles  of  another)  was 
apparently  as  difficult  for  students  to  solve  as  problems  in  the  second  set 
that  involved  three  steps  (changing  from  mass,  volume,  or  particles  of  one 
substance  to  mass,  volume,  or  particles  of  another).    The  reason  why  this  may 
have  been  as  easy  was  because  in  the  problems  of  set  1,  students  were  given 
an  unbalanced  equation  that  they  had  to  balance  before  proceeding  whereas  the 
problems  Ln  set  2  contained  balanced  equations.    This  is  verified  by  examining 
Table  293  that  shows  the  major  reason  for  students  missing  the  problems  in  set 
1  was  failure  to  use  a  balanced  equation.  In  the  problems  of  set  2,  many  students 
did  not  overtly  check  to  determine  if  the  equation  was  properly  balanced.  How- 
ever, in  this  set  of  problems,  a  much  larger  percentage  of  students  used  the 
equation  incorrectly.  * 

Problems  from  set  3  were  transfer  problems  that  involved  finding  the  limit- 
ing reagent.    Only  eight  (8%)  percent  of  the  students  who  attempted  the  problem 
go„  it  correct.    Forty -five  (45t>)  percent  did  not  get  beyond  checking  to  see  if 
the  equation  was  balanced.    The  major  difficulty  in  solving  the  problem  was  in 
determining  the  excess  or  the  limiting  reagent. 

The  same  comments  concerning  further  analysis  that  were  made  for  the  gas  law 
problems  can  be  made  for  the  stoichiometry  problems.    Time  did  not  permit  an 
analysis  of  errors  that  students  who  missod  the  problem  made  nor  the  reanalysis 
of  data  using  chi- square  with  the  categories  used  in  Table  293. 
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Molarity  Structural  Errors.  Results  of  the  questions  asked  in  the  Clarity 
Problem"  interviews  and  the  structural  errors  are  given  in  Tables  294-296. 
In  the  question  section,  one- question  concerning  the  L-mL  conversion  was  asked 
that  should  have  been  asked  in  the  "tias  Law  Problem"  interview.    With  prompting 
ninety-two  (92%)  percent  were  able  to  make  the  conversion.    Questions  1  and  2  on 
the  determination  of  the  masses  of  moles  had  been  asked  during  both  the  'Moles 
Problems"  and  "Stoichiometry  Problems"  interviews.    The  percentage  of  students 
\      who  answered  these  questions  correct  was  ;ij>|>iox mutely  ten  ill)?.)  |)eive»1  higher 
tlian  previously.    Apparently  this  conversion  was  used  so  frequently  that  by  the 
*     end  of  the  school  year  when  the  interviews  took  place,  cighty-eLght  (884)  and 
ninety-eight  (98%)  percent  of  the  students  interviewed  could  do  this  when 

prompted.  »< 

Question  4  on  "define  molarity  in  your  own  words"  most  frequently  brought 
the  memorized  response  •'moles  per  liter Ihis  answer  was  accepted  as  correct 
even  though  students  did  not  specify  "liter  of  solution". 

To  test  whether  students  had  simply  memorized  the  definition  of  molarity 
or  really  understood  it,  question  5  on  "how  would  you  make  up  one  liter  of  a 
two  molar  sodium  chloride  solution"  was  included.    Only  eight  (8%)  percent  of 
the  students  interviewed  were  able  to  answer  this  without  prompting,    liven  with 
prompting,  only  twenty -seven  (271)  percent  gave  a  correct  answer.    An  answer  was 
considered  to  be  correct  if  students  said  that  2  moles  or  approximately  116  g  of 
sodium  chloride  were  dissolved  in  1000  mL  or  1  liter  of  water  instead  of  solution, 
Most  students  had  no  understanding  of  the  physical  meaning  of  molarity. 

Table  295  shows  the  percentage  of  students  getting  the  problems  in  each 
category  correct.    Problems  in  the  first  set  involved' the  direct  application  of 
the' definition  of  molarity  as  molarity  =  moles/liters.    Thirty  (30%)  percent  of 
the  stiKlents  were  able  to  solve  this  type  of  problem.    I  rcmi  Table /'Hi    it  inn  be 
seen  that  thirty-three  (33%)  percent  of  the  students  who  attempted  the  problem 
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Table  294 
Molarity  Questions : 

I 

_Sunmary  of  Results 


Correct      Correct  Without  Prompting 

Question  N        %  N  % 

1  Haw  would  you  determine  the  mass  of         56     88  38  59 
one  mole  or  iron?                                              ^  1 

2  How  would  you  determine  the  mass  63     98  54  84 
of  one  mole  of  "ammonia  (1NH3)? 


1 


3  How  many  milliliters  are  equal  to  59     92  40  63 
2.5  liters? 

4  Define  molarity  in  your  own  words.  35     55  25  39 

5  How  would  you  make  up  one  liter  of  a        17     27  5  8 

*> 

<•  two  molar  sodium  chloride  solution? 
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Table  295 
Molarity  Problems: 
Structural  Code  Results 


(PPRT  =  13.36) 
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Problem 
1 


Problem 

2 


Problem 
3 


Problem 
Distribution 

ML     G  MO 

•t, 

18     23  23 


MOD     MOC  MOV 
ZS       16  *  23 


WA  GA  CA 
22       23  19 


Cprrect 

Structural  lirror  Coding 
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N 

It 
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7 
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"7 
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4 

13 

4 

5 

25 

5 

6 

6 

4 

7 

5 

7 

J 

4 

8 

20 

<r 

S 

N  % 

A 

N 

B 

N 

C 

N 

10  16 

0 

20 

0 

18 

0 

35 

1 

10 

1 

13 

1 

1 

2 

2  ' 

15 

2 

8 

3 

6 

13 

3 

18 

4 

2 

4 

5 

5 

2 

'  6 

2 

7 

2 

8 

2 

9 

18 
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i'aole  296 
Molarity  hroblcms: 
Description  and  Summary  of  Structural  Coding 


Problem  Category 


N  % 

7 

8 

14D 

5 

9 

43 

75 

11 

19 

34 

60 

10 

? 

*  16b 
4b 

21 

39 

26 

48 

18 

33 

27 

50 

II 

17? 

I 

8 

I!) 

13 

24 

25 

46 

5 

9 

6 
2 

9a 
3d 

14 

24 

38 

66 

8 

14 

26 

45 

20 

Sb 

10 

23d 

4 

9 

26 

59 

6 

14 

22 

50 

18 

28? 

13 

28b 

28 

61 

13 

28 

5 

11 

35 

55h 

3 

10b 

8 

28 

18 

62 

A         Doesn't£'get  this  far 

*  Doesn't  calculate  molecular  weight 
Calculates  molecular  weight  incorrectly 
Calculates  moiecttlar  Weight  correctly 
Uses  molecular  weight  incorrectly 
uses  molecular  weight  correctly 

*B         Doesn't  get  this  far 

Doesn't  use  definition  of  molarity 
Uses  definition  of  molarity  incorrectly 
Uses  definition  of  molarity  correctly 
Lrror  in  mL-L  conversion 
Changes  mL-L  directly 

A  UmmiM  yy\  I  his  far 

Ileal  ii\  (hat  vol  turn*  changes 
l  a  i  Is  Lo  use  volume  change 
Uses  volume  change  correctly 
Uses  volume  change  incorrectly 
Doesn't  get  final  volume 

B         Doesn't  get  this  far 

Doesn't  use ^definition  of  molarity 
Uses  definition  of  molarity  incorrectly 
uses  definition  of  molarity  correctly 
lirror  in  mL-L  conversion 
Both  definition  and  mL-L  change  correct 

A         Doesn't  get  this  far 

Doesn't  calculate  molecular  weight 
Calculates  molecular  weight  incorrectly 
CaJcuiates  molecular  weight  correctly 
Uses  molecular  weight  incorrectly 
Uses  molecular  weight  correctly 

B         Doesn't  get  this  far 

Realizes  equation  must  be^used 
Uses  balanced  equation  correctly 
Uses  balanced  equation  incorrectly 
Doesn't  realize  equation  must  be  used 

C         Doesn't  get  this  far 

'x)esn't  use  definition  of  molarity 
Uses  definition  of  molarity  incorrectly 
Uses  definition  of  molarity  correctly 


a Based  on  all  cases . 


Remaining  Vs  based  on  those  who  got  that  far  (except  where  indicated) 
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made  a  mL-L  conversion  error,  and  thirty-nine  (391)  percent  used  the  definition 

of  molarity  incorrectly.    Nineteen  (19%)  percent  of  the  students  who  attempted 

to  work  the  problem  did  not'use  the  molecular  weight  lo  find  moles  properly.  & 

*  The  second  set  of  problems  involved  changing  the  volume  of  solution  by 
either  diluting  it  or  concentrating  it  by  boiling.    Only  thirteen  (13%)  percent 
of  the  students  could  handle  this  kind  of  problem  even  though  most  students 
coiild  do  problems  of  this  nature  immediately  after  instruction.    The  major 
error  made  was  that  students  did  not  use  the  volume  change  correctly.  (In- 
stead of  finding  moles  first  and  dividing  by  the  total  volume  students  frequently 
added  or  subtracted  the  volumes  before  working  with  the  given  molarity.)  Knowing 
that  such  a  large  percentage  of  students  did  not  have  the  conceptual  knowledge  of 
what  molarity  is  (from  responses  to  question  5)  this  comes  as  no  surp* ise. 

Problems  in  set  3  were  transfer  problems  that  involved  the  concept  of  molarity 
applied  in  a  stoichiometry  problem.    A  slightly  greater  percentage  of  students  got 
this  problem  correct  than  got  the  problem  frcsr  set  2  correct.    It  was  probably  the 
same  students  who  understood  the  concepts.    Fifty-five  (55%)  percent  of  the  stu- 
dents did  not  understand  the  problem  sufficiently  to  even  use  the^definition  of 
molarity.    Sixty-one  (61%)  percent  of  those  who  got  that  far  (forty-four  (44%)  per- 
cent o±  original  students)  used  the  balanced  equation  correctly.    Once  students 
jo    the  number  of  moles  of  H3PO4  ,  many  could  not  proceed  to  use  the  moles  with 
the  liters  to  find  the  molarity. 

Comments  made  previously  about  further' analysis  of  the  tapes  of  the  "Gas  haw 
Problem"  and  "Stoichiometry  Problems"  interviews  apply  here/   Further  analyses  are 
needed  to  determine  specific  conceptual  errors  that  students  made  while  attempting 
to  solve  the  problems. 
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, Summary  an^l  Conclusions 


Results  of  this  interyiewstudy-  jnust-ba  seen  in  relation  to  the  aptitude 
\        %    by  treatment  interaction  study  as  well  as  the  findings  of  a  similar  stuay  \yf~u 
Nurrcnbern . 

Ihe  interview  study  was  concerned  with  six  hypotheses.    In  addition, 
structural  errors  students  made  while  solving  problems  from  four  chemistry 

* 

units  were  identified. 

Of  the  six  hypotheses  \ested,  two  were  related  toeeptitudes  measured  in 
the  aptitude  by  treatment  interaction  cLudy.    Ih^se  were  the  verbal -visual 
preference  and  the  proportional  reasoning  ability  of  students.    Because  of  lack 
of  time  and  because  it  was* not  anticipated  that  mathematics  anxiety  would  have 
significant  interaction,  data  were  not  analyzed  according  to  students'  mathe- 
matics anxiety.    An  ;maJysis  of  this  d;ita  would  be  appropriate  and  might  yield 
useful  results. 

* .       ■  -    * 

Of  the  two  aptitudes  for  which  interview  data  were  analyzed,  the  one  of  ' 

most  interest  was  students'  proportional  reasoning  ability.    Results    for  verbal 
visual  preference  were  very  sparse  as  they  were  in  the  case  for  the' aptitude  by 
treatment  interaction  study.    Findings  from  the  interviews  corroborate  those 
•  found  in  the  other  study. 

The  reason  why  the  proportional  reasoning  ability  is  of  interest  is  be- 
cause the  study  done  by  Nurrenbern  compared  students 1  problem  solving  skills 
according  to  whether  they  were  classified  as  concrete  or  formal  operational. 
Because  proportional  reasoning  ability  is  one  of  the  schema  that  comprises  the 
formal  operational  stage,  there  would  pro]bably  be  a  high  correlation  between 
students  classified  as  formal  and  their  proportional  reasoning  ability. 

In  all  the  comparisons  between  the  resuHs  obtained,  it  must  be  remembered 
that  Nurrenbern's  study  was  concerned  only  with  stoichiometry  limiting  reagent 
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^  '     problems  which' less  than  1*  of- the  students  interviewed  w6re  able  to  work 
correctly.  • 

'  Nurrenbern^s  classification  system  was  modif ied  in  parkin  this  study  but 

enough  similarity  remains  to  make  some.gojnparisons.    pnc'gencni  category  that 

was  used  in  both  studies  was  reading/organizing  skills.    In  Nurrenbem's  study  j 

_  in  '  *  •     .  % 

formal  students  were  found  to  read  and  organize  more  frequently. 1  This  was 
particularly  true  for  rereading  and  using  mnemonic  notation.    In  this  study  -  * 

similar  results  were  found  for  rereading  and  use  of  mnemonic  notation.  Although 
there  were  no  significant  differences  for  every  problem,  where  differences  occurred, 
they  always  favored  the  high  proportional  reasoning  students.    Comparisons  with 
the  general  category  "Reading/organizing"  are  inappropriate  as  all  subcategories 
were  not  identical . 

Nurrenbern  also  found  that  formal  operational  students  used  evaluation 
techniques  more  frequently  than  concrete  operational  students.    She  also  made  the 
comment  that  either* group  used  evaluation  techniques  to  any  great  extent,  in 
this  study,  no  differences  between  high  and  low  proportional  reasoning  ability  » 
students  wero  found  for  evaluation  teduiiques.  •  Very  few  students  evaluated  their 
solutions  to  the  problems. 

As  in  the  Nurrenbern  study,  it  was  found  that  few  students  used  recall 
technitpjes  .   The  number  of  statements  coded  for  recall  was^so  low  in  this  >st6dy 
that  the  data  were  not  analyzed. 

In  the  area  'of  the  type  of  approach  and  reasoning  that  students  used  to 
.  solve  tthe  problems,  results  of  the  two  studies  are  in  accord!    In  the  Nurrenbern 
study,  no  significant. differences  were  found  for  formal  and  concrete  thinkers, 
however,  when  algorithmic/reasoning  strategies  were  used,  they  were  used  by 
formal  operational  students.  '  In  this  study,  students  with  high  proportional 
reasoning  ability  were  found  to  use  a  systematic  approach  and  algorithmic/ 
reasoning  strategies  more  frequently  than  low  proportional  reasoning  students 


•.  419 

on  a  large. number  of  ,the  problems.    Nurrenberh  coiranents  that  the  results  in 

her  study^  mirght  not  have  been  significant  because  of  the  difficulty^  the  "  , 

.problems.    She  found  as  did  we,  that  many  formal  students  actually  go  about 

solving  the  problems  relying  strictly  on  algorithms. 

•  A  comparison  ol  the  s!  met  unifier  iws  made  in  the  two' studies  is  impossible 
p  .  '  •  . 

to  make.    The  reason  tor  this  is  that  the  problems  in  thlg  study  were  for  the 
most  part  easier  than  those  in  the  Nurrenbern  study.    The  oMy  comparable  problem 
was  the  thini  stoichiometry  problem  which  was  a  limiting- reagent  problem. %  Even 
fbr^this  problem,  however,  a  balanced  equation  was  given.    The  major  structural 
error  found  for  this  problem  was  that  students  fail  to  use  the  equation  for  determin 
the  excess  to  solve  it.  More  detailed  analysis  of  the  structural; errors  were  pre- 
sented in  "the  Results  section.  . 

In  this  study,  unlike  the  Nurrenbern  sttjdy,  instruction  on  problem  solving 
was  controlled  through  the  use  of  the  packets  devised  lor  the  aptitude  by  treat- 
ment interaction  study.    This  has  Us  advantages  and  disadvantages?   '[he  major' 
advantage  was  that  a  minimum  amount  of  instruction  was  insured  by. knowing  that 
students  completed  the  Booklets.    However,  there  is  the  disadvantage  in  that  it 
might  be  argued  that  the  instruction  was  insufficient  arid  not  typical  of  what  a 
student  would  normally  reqeive.  .Teachers  in  the  study  felt  it  was  sufficient, 
and  if  hot,  could  supplement  it  with  additional  work,    because  students  learned 
by  using  the  four  different  ^trategies,  it  was  of  interest  tb  determine  if  this 
had  any  eff^Lt  on  students' problem  solving  techniques. 

Results  indicated  few  differences  in  students'  problem  techniques0 according 
to  iik- I  hod  taught.    St.:'t-iil*.  who  learned  to  .ulve  problems  by  the  lactor  label 
method  and  proportionality  tended  to  be  more^systeitmatic  in  their  approach  and 
more  overtly  used  the  approach  taught.    This  was  to  be  expected  as  these  methods 
lend  themselves  to  overt  expression.    An  interesting  finding,  although  found 
only  on  one  gas  law  problem,  was  that  students  tauphi  by  analogies  used  algorithmic/ 
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reasoning  strategies  more  frequently  than  by  the  proportional ity  method  ~  This 
finding  is  offset  by  the  finding  that  the  analogy  method  also  produced  the 
greatest  use  of  random  trial  and  error  for  a  stoichiometry  problem. 

In  no  instance  did  one  method  produce  more  structural  errors  than  another. 
Thus  indicating  that  as  lar  as  presenting  the  mn^pial,  all  methods  were  e<|U'va 
lent.    Major  conclusions  in  this  study  concenun^the  appropr iate  metluxls  lor 
teaching  the  various  chemistry  topics  should  be  made  from  the  aptitude* by  treat- 
ment interaction  study  where  data  were  analyzed  in  much  greater  detail  according 
to  students1 aptitudes .  •  • 

1      '    The  major  reason  for  conducting  the  interview  study  was  to  compare  students 
who  were  successful  problem  solvers  with|  those  who  were  not.    Results  have  been 
presented  for- students  defined  successful  according  to  test  scores  (Hypothesis  3) 
and  according  to  success  on  the  problem  solved  during  the  interview  (Hypothesis  5) 
Specific  results  are  given  in  Hie  Ursula  section.    IH-.cu!.M'»i  here  is  1  muted  to 
ipnmonal\ty  of  the  findings.    1'or  students  c  1  ass i  l  ied  as  successful  and  for  stu- 
dents who  got  the  problem  correct,  the  use  of  reading  and  organizing  skills  was 
more  frequent.    This  was  true  for  different  problems,  however,  and  was  not  con- 
sistent across  all  problems.    The  use  of  mneumonic  notation  was  much  more  pre- 
valent and  consistent  across  problems  iz:  successful  students  and  those  who  got 
the  problem  correct.    Two  other  common  characteristic  across  most  problems  for 
both  of  these  groups  were  their  more  frequent  use  of  systematic  approaches  and 
^theii  use  of  algorithmic/reasoning  strategies.    This  is  not  to  say  that  more 
students  in  these  classification  used  reasoning  strategies  more  frequently  than 

Jalgorithnu.cs.    This  was  not  the  case.    They  used  reasoning  strategies  more  llian 
nonsuccessful  students  or  students  who  got  the  problem  incorrecft,. 

Analysis  of  the  structural  errors  for  both  of  these  groups  had  some 

•  similarities.    Students  of-  low  success  or  who  missed  gas  law  problem  3  failed 
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to  set  up  a  factor  correctly.    They  al^  failed  tc  use  the  equation  in  solving 
stoichiometry  problems  1  and  2.    Tor  molarity  problem  3,  low  success  students 
fa .led  to  perceive  the  need  for  using  the  equation  whereas  those  getting  the 
problem  incorrect  were  unable  to  use  the|pquation  correctly.    On  this  same 
problem,  low  success  students  didn't  use  the  definition  of  molarity  correctly. 

From  both  the  structural  errors  students  mrde  and  from  the  bindings  re-  , 
lated  to  Hypothesis  6,  it  is  apparent  that  one  of  the  major  reasons  students  do 
not  solve  problems  correctly  is  that  they  do  not  understand  the  prerequisite 
facts  and  concepts.    In  the^ Results  section  considerable  discussion  is  given 
to  the  structural  errors  made  for  each  unit  of  chemistry.    For  this  reason, 
the  remarks  here  will  he  brief.    Because  of  lack  of  time,  the  analysis  of  the 
tapes  was  not  as  comprehensive  as  it  might  have  been.    For  the  moles  unit,  no 
special  coding  sheet  was  devised  for  structural  errors,  but  the  specific  errors 
that  students  made  were  recorded  and  synthesized  into  a  coherent  list.    For  the 
other  three  units,  the  special  sheetf  was  devised  that  listed  what  students  failed 
to  do  but  did  not  provide  for  obtaining  the  specific  errors  that  students  made. 
A  /eanalysis  of  the  tapes  would  provide  this  use-il  information. 

Four  general  conclusions  and  recommendations  can  be  drawn  from  this  inter- 
view study. 

1.  If  students  do  not  understand  the  chemistry  concepts  (as  is  evident  from 
low  success  on  prerequisite  questions  and  structural  error  analysis)  even  if 
answers  to  prerequisite  questions  are  given,  students  will  not  be  success&il  in 
.solving  chi-inistry  problems. 

2.  Different  types  of  errors  arc  made  by  different  students.    It  is  very 
hard  to  classify  them.    These  different  types  of  errors  require  different  types 
of  remediation.    Sometimes  it  is- a  matter  of  understanding  the  concept,  other 
times  its  the  arthmetic  (particularly  the  division  concept)  and  frequently 
students  fail  to  memorize  the  necessary  facts  (such  as  1  mole  *  22.4  L  at  STP 


or  contains  6.02  x  10  particles) 
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3.  Students  who  are  successful  generally  use  more  organizing  skills  and 
use  mnemonic  not'  ion.    Students  should  be  encouraged  to  use  these  skills  in 
solving  problems, 

4.  It  would  be  very  useful  for  individual  teachers  to  determine  specific 
errors  that  individual  students  make  so  that  remediation  might  take  place.  Tins 
might  be  accomplished  by  recording  on  audio  tape  students  actually  solving 
problems.    If  this  LS-not  possible,  teachers  should  determine  through  a  short 
test,  if  students  have  the  necessary  prerequisite  skills  for  solving  problems 
and  if  they  do  not,  provide  the  necessary  instruction. 
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re.se  sreh  wilt  "he  eoudiieled  within  a  (>()  mile  radius  of  Indianapolis   in  public 
high  schools* 
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2.  Lis!  atf  procedures  to  be  iranf  on  human  sub|e< » »  *ith  a  description  of  thou;  you  couudrr  beyond  already 
established  and  accepted  techniques 

a.  *    Admin  ist  imUoii  of  proport  mii.\l  riMMMitii);  test       (  l()  imii,) 

b.  Administration  of  verbal  visual  test        ^  (20  miiu) 
,  c.      Administration  of  math  anxiety  tost^^^  (20  nun,) 

d,      NSTA-ACS  Chemistry  Achievement  test  (AO  miu.) 

c.  8  study  guides  of  instruction  (1  period  e.ich) 

a,b,c.     These  are  alJ  wr  i  t  ten  tT  mu  1 1  ip  Le  tIumx.c  type  tests  found  in  the 
f  current  literature  that  .will  be  udmi  liLstiird  .it  the  on:;ot  <>f. 
school  ,  ' 

d.  A  i.a  iim.il  wiilteii  clii-in  i L  r  y  exam  commonly  administered  hy  chemistry 
teachers. 

e.  Problem  solving  instruction  booklets-similar  to  those  many  teachers 
would  prepare  themselves. 


3.   State  any  potential  risks  •  physical,  psychological,  social,  legal,  or  other  ■  connected  with  the  proposed 
procedures  and  state  means  (including  confidentiality  safeguards)  of  protecting  against  or  mmimuihg 
potential  nsks  and  an  assessment  of  their  likely  effectiveness.  If  you  consider  *the  subject  to  be  "at  nsk," 
in  what  respect  do  the  potential  benefits  to  the  subject  or  contributions'^  the  general  body  erf  knowledge 
^utweigh  the  risks?  « 

"  None  -  nolhing\»ut  of  ordinary. 
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Inform*!  Content 

A.  Stoto  how  you  wilt  obtain  documentation  of  nformod  consent  Ansv  or  oven  if  you  consider  subjects 
-    not  at  risk.  Do  not  use  "inapplicable." 

Students  and  |rtitvuts  wiJ  L  be  asked  to  sij;n  a  written  consent  form. 
*  Permission  of  appropriate  school  officials  will  be' obtained  before 
school  selection. 

a 


B:  If  you  considerifie  subject  to  be  ''at  risk,1'  state  exactly  what  you  tell  him  or  her  in  lay  language  to 
obtain  informed  £,ons&nt  per  items  1  -7  relative  to  each  procedure  whe«in  he  or  she  is  "at  risk  "  This 
must  be  a  form  that  is  given  or  read  to  the  subject  particularly  for  this  purpose.  PLEASE  ATTACH 
COPY  OF  FORM.  > 
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^  Chairperson  of  IUB  Committee 

for  the  Protection  of  Human  Subjects 
^  Institute  for  Sex  Research 
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DEFl'liriONS 

SCIENTIFIC  RESEARCH  is  a  formal  investigation  dv«j«d  to  develop  or  contribute  to  gcneralizablo  knowledge 

HUMAN  SUBJECT  is  a  person  about  whom  an  investigator  (prolossional  or  student)  conducts,  scientific 
research  obtains  (1)  data  through  intervention  or  interaction  with  the  person,  or  (2)  identifiable  private 
information. 

SUBJECT  AT  RISK  means  any  individual  who  may  be  exposed  to  the  possibility  of  injury,  including  physical, 
psychological",  or  social  injury,  as  a  consequence  of  participation  as  a  subject  in  any  research,  development, 
or  re.ated  activity  which  departs  from  the  application  ol  those  established  and  accepted  methods  necessary 
to  meel  his  or  her  needs,  or  which  increases  the  ordinary  risks  ol  daily  life,  including  the  recogmzed  risks 
inherent  in  a  chosen  occupation  or  liela  ol  service. 

INFORMED  CONSENT  means  the  knowing  consent  of  an  individual  or  h.s  or  her  legally  authonzed  represen- 
tative so  situated  as  to  be  able  to  exercise  free  power  of  choice  without  undue  inducement  or  any  clement  of 
♦orco.  fraud,  deceit,  duress,  or  any  other  form  of  constraint  or  coercion  *  The  b..s.c  elements  of  information 
nocossary  to  such  consent  include. 

<  1 )    A  ta.r  expM.Mt.on  of  the  procedures  to  bo  followed,  and  the..  ptapoM'".  including  idonhf.<:..l.on  of 
•  anyVdeodures  which  are  experimental  The  explanation  must  be  in  kmywigo  understandable  by 
the  subject. 

(2)  A  description  of  any  attendant  d.scomforts  and  r.sks  reasonably  to  bo  expected  and  safeguards  to 
be  used;  . 

(3)  A  description  of  any  benefits  reasonably  to  be  expected; 

(4)  A  disclosure  ol  any  appropnate  alternative  procedures  that  might  be  advantageous  lor  the  subject; 

(5)  An  offer  to  answer  any  inquiries  concerning  the  procedures; 

(6)  An  instruciion  that  the  person  is  lrt»e  to  withdraw  his,or  her  consent  and  to  discontinue  part.cpat.on 
in  the  project  or  activity  at  any  time  without  prejudice  to  the  subject;  and 

• '  (7)  With  respect  to  b.omedical  or  behavioral  research  which  may  result  .n  physical  injury,  an  explanation 
as  to  whether  compensation  and  medical  treatment  is  available  if  physical  injury  occurs  and.  if  so. 
what  it  consists  of  or  where  further  Information  may  be  obtained 


•O-coplKX,  n.ny .«.,!  „  |i.ut  ...  an  .ho  »  lor  M  tun  ho  oh.,,..-,  m  n„  „..„■,  w,y  ...  o.,t«.««, 

should  octokl  ll«t  »*  oxpciiMmt  cannot  bo  luly  dweobed  »  advan<.o  kttl  »«•.  m*»*n  l*  *«*  >»"  »»« •  <* 
£ aMhc^^ Che Own. u«*.  «u..  *  .  part  o.  me expconooW dC*gn art no. a moans 0. 

^blaming  subjects'  participation 
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As  the  signature  below  testifies,  tho  principal  investlgator(s)  Is  pledged  to  conform  to  the  following  ptocopts: 


As  ono  engaged  in  Investigation  utilizing  human  subjects,  I  acknowledge  tho  rights  and 
welfare  of  the  human  subject  or  patient  involved. 

I  acknowledge  my  responsibility  as  an  investigator  to  secure  the  informed  consent  of 
the  subject  by  explaining  the  procedures,  in  so  far  as  possible,  and  by  describing  the 
risks  as  weighed  against  the  potential  benefits  of  the  investigation. 

I  am  m  agreement  with  the  Indiana  University  Statement  of  Principles  Regarding  the 
Use  of  Human  Subjects  in  Research,  I  understand  that  in  research  a  fundamental  dis- 
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without  therapeutic  value  to  the  person  subjected  to  the  research. 
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Proportional  Reasoning  Test 

Central  Directions 

This  it  *  uit  of  certain  understandings,  skills  and  abilities 
that  you  have  gradually  developed.    The  total  cumber  of  correct 

\   <  answers  that  you  nark  will  be  your  store*    Wrong  answers  will  

gainst  your  seers,    fry  to  answer  all  the  questions. 
If  a  question  seems  too  hard,  make  the  best  guess  you  can. 

Use  the  special  pencil  to  nark  your  answers  on  the  separate 
answer  sheet.    Do  not  mark  on  the  test  booklet.    Each  question 
has  only  one  best  answer.    Mark  only  one  answer  for  each  question. 
To  change  an  answer,  erase  your  first  nark  completely.    Use  the 
scratch  paper  provided. 

Problem   tasks  for  you  to  solve  will  be  presented  on  the 
television  screen.    When  you  are  told  to  begin,  watch  the 
television  screen  carefully.    Then  answer  the  questions  in  the 
booklet  connected  with  the  demonstrated  task.    Stop  when  you 
see  the  word  "STOP"  below  the  question  you  just  answered. 
Wait  Tor  further  directions  from  the  person  giving  the  test. 


STOP.    DO  NOT  TURN  THE  PAGE  UNTIL  TOU  ARE  TOLD  TO. 


IT 
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Direction*:    Part  I  -  III 


Carafully  watch  tha  TV  icrttn  at  tha  problan  taak  la  praaantad. 

Than-raa*  aach  quaaclou  caiafully  and  dtclda  wtlch  out  ot  cha 
four  pottlbla  ant war*  la  tha  contact  or  boat  ona. 

Look  on  your  anawar  ahaat  to  find  tha  row  of  boxaa  which  haa 
tha  aaaa  nuabar  aa  tha  qua at ion.    In  thla  row,  nark  tha  box 
having  tha  aaaa  lattar  aa  tha  anawar  you  hava  choaan. 


Exaapla 

A  cloaad  f igura  having  all  four  aldaa  4qual  la  a 

A)  trlangla 

B)  ractangla 

C)  aquara 

0)  parallalogran 


Tha  corract  anawar  to  thla  quaatlon  la  lattar ad  Cf  ao  you  ahould 
nark  box  C  If  thla  quaatlon  war a  on  tha  taat. 


STOP.    DO  NOT  TU1M  THIS  PACE  UNTIL  TOO  ARE  TOLD  TO. 
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PART  I 


Meet  Mr.  Short 


1.  What  is  the  relation  between  the  two  paper  clip  chains? 

A)  S  small  paper  clips  laid  end-to-end  are  the  same  length  as  3  big 
pfper  clips  laid  end-to-end. * 

B)  3  small  paper  clips  laid  end-to-end  are  the  same  length  as  5  big 
paper  clips  laid  end-to-end . 

C)  the  big  and  the  small  paper  clips  are  the  same  length. 
0)    not  sure* 

2.  Mr.  Short  is  6  big  paper  clips  tall.  Mr*  Tall    is  9  big  paper  clips  tall. 
Mr.  Short  is  also  10  small  paper  clips  tall.    What  is    r.  Tail's  height 
in  small  paper  clips? 

A)  12 

B)  13 
-  C)  15 

D)  16 

3.  Which  method  is  most  like  the  one  you  used  to  find  the  answer  in  question 

A)  estimated  guess 

B)  addition  and/or  subtraction 

C)  addition  and/or  subtraction  along  with  multiplication  and/or  division 

D)  multiplication  and/or  division  • 


STOP.    DO  HOT  CO  ON  UNTIL  TOLD  TO. 
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4.    No  weight  is  hung  on  either  side  of  the  center  point  (fulcrum).  -What 
will  be  the  position  of'  the  bean? 

A)  The  right  end  will  tilt  down. 

B)  The  been  will  be  b* fenced. 

C)  The  left  end  will  tilt  down. 
0)    Not  sure. 

3.    Weight  ie  placed  on  one  side  of  the  bean.    Can  you  rebalance  the  beam? 

A)  Yet.    Add  weight  on  the  side  opposite  the  first  weight. 

B)  Yes.    Add  weight  on  the  same  side  as  the  first  weight. 

C)  No. 

0)    Not  sure. 

6.    A  10  gram  weight  is  placed  at  point  6  on  the  left  side  of  the  beam. 
How  can  the  beam  be  balanced? 

A)  Hang  a  6  gram  weight  at  point  10  on  the  right  side  of  the  beam. 

B)  Hang  a  10  gram  weight  at  point  10  on  the  right  side  of  the  beam. 

C)  Hang  a  20  gram  weight  at  point  6  on  the  right  side  of  the  beam. 
0)    Not  sure. 


7.  Which  reason  best  matches  the  reason  for  your  answer  to  question  6? 

A)  10  x  6  -  6  x  10. 

B)  -  Left  side:    10  +  6  -  Right  sides  6  +  10. 

C)  Lighter,  weight  must  be  placed  farther  from  the  center. 

D)  None  of  the  above 

8.  An  8  gram  weight  Is  placed  at  point  6  on  the  left  side  of  the  beam. 
Where  should  you  place  IZ  grams  of  weight  to  balance  the  beam? 

A)  at  point  7  on  the  right  side 

B)  at  point  4  on  the  right  side  * 

C)  at  point  2  on  the  right  side 

D)  at  point  1  on  the  left  side 

9.  Which  reason  be*t  matches  the  reason  for  your  answer  to  question  8? 

A)  8+6-14,    2  +  X  -  14,    X  -  2. 

B)  8  x  6  -  48,    12  x  X  -  48,    X  »  4. 

C)  Heavier  weights^must  be  placed  closer  to  the  center. 
0)  None  of  the  above.* 


GO  ON  TO  TBMEXT  PAGE  • 
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10. 


ft 

A  4  gram  weight  is  placed  at  point  2.    A  6  gram  weight  is  placed  at 
point  4.    Both  weights  are  on  the  left  side  of  th*  beam.    Where  should 
you  place  an  8  gram  weight  on  the  right  side  to  balance  the  beam? 

A)  at  point  2 

B)  at  point  4 

C)  at  point  6 

D)  at  point  8 


X 


11.    Which  reason  best  matches  the  reason  for  your  answer  to  question  10? 

A)  (4  x  2)  +  (6  x  4)  -  8X,  then  X  *  4. 

B)  Heavier  weights  must  be  placed  closer  to  the  center. 

C)  (4  +  2)  +  (6  +  4)  -  8  +  X,  then  X  -  8. 

D)  None  of  the  above. 


STOP.     DO  HOT  GO  OK  UNTIL  TOLD  TO. 
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12*    What  is  the  relationship  between  the  number  of  tarns  midv  by  the  small 
disk  compared  to  the  number  of  turns  made  by  the  large  disk? 

A)  The  small  disk  turns  seven  times  when  _  A  lie  Jar  hi*  d4sk  iufrn?  five- 
times.- 

B)  Th*y  both  turn  the  same  number  of  times. 

C)  The  small  disk  turns  five  times  when  the  large  disk  turns 
seven  times. 

•D)    Not  sure. 

13.  If  the  small  disk    turned  14  tiroes,  how  many  times  would  the  large 
disk  turn? 

A)  7 

B)  10 
<0  12 

D)  16 

14.  Which  method  is    most  like  the  one  you  used  to  find  the  answer  in 
question  13? 

A)  estimated  guess 

B)  addition  and/or  subtraction 

C)  addition  and/or  subtraction  along  with  multiplication  and/or  division 

D)  multiplication  and/or  division 

15*    If  the  large  disk  turned  2  6/7'  times,  jiow    many  times  would  the  small 
disk  turn?  \ 

A)  3  \ 

B)  4  6/7  \ 

C)  4 

D)  5  3/5 

16.   *Which  method  is  most  like  the  one  you  used  to  find  the  answer  in 
question  15* 

A)  estimated  guess  * 

B)  addition  and/or  subtraction 

C)  addition  and/or  subtraction  along  with  multiplication  and/or 
division 

D)  multiplication  and/or  division 


STOP.    DO  NOT  GO  ON  UNTIL  TOLD  TO. 
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17.  What  is  the  relationship  between  the  height  of  water  in  the  two 
cylinders? 

A)  the  water  rises  six  units  in  the  wider  cylinder  and  :f  out  units 
..     _     in  the^tiarrower  cylinder. 

B)  the  water  rises  four  units  in  the  wider  cylinder  and  six  units 
in  the  narrower  cylinder. 

C)  the  water  rises  the  same    in  both  the  wide  and  narrow  cylinders. 

D)  Not  sure. 

18.  Suppose  that  a  new  sample  of  wulvr  ros    six  units  in  the  wide 
cylinder.    How  far  would  it  rise  in  the  narrow  cylinder? 

a)  4  ; 

B)  6/ 
C) 
b) 

19.  Whitfh  method  is  most  like  the  one  you  used  to  find  the  answer  in 
ques^jfoh  lit? 

A)  estimated  guess 

B)  addition  and/or  subtraction 

C)  addition  and/or  subtraction  along  with  multiplication  and/or 
'  division 

D)  multiplication  and/or  division 

20.  Suppose  a  new  sample  of  water  rose  ten  units  in  the  narrow 
cylinder.    How  far  would  it  rise  in  the  wide  cylinder?  9 

A>   6  2/3 

-  fl)  8 

C)    9  1/2 
P)  15 

21.  Which  method  is  most  like  the  one  you  used  to  find  the, answer  in 
question  20? 

A)  estimated  guess 

B)  addition  and/or  subtraction 

C)  addition  and/or  subtraction  along  wich  multiplication  and/or 
division 

D)  multiplication  and/or  division 
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STOP.    THIS  IS  THE  END  OF  THE  TEST . 
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Piagetian  Proportional  Reasoning  Test 
\Directions  for  Administration 

PPRT  is  a  three  part  tost  whidi  attempt:,  to  measure  Hu-  presence 
of  the  Placet  Ian  menial  schema  of  proportional  jcaw«*!infc_  iattWOlfiUiaW- - 
■to-bra-ad  aloud  to  the  subjects  are'To  capital  letters.  Instructions 
only  for  the  examiner  are  in  regular  type. 

1.  Have  students  seated  in  the  examination  room.    After  making 
introductory  remarks,  say:     I  WILL  NOW  HAND  OUT  ALL  TESTING 
MATERIALS.     DO  rfOT  OPEN  YOUR  TEST  BOOKLET  UNTIL  TOLD  TO.  YOU 
SHOULD  EACH  UAVK  A  T'EST  BOOKLET,  ANSWER  SHEET,  A  #2  LEAD 
PENCIL,  AND  SCRATCH  PAPER. 

2.  Distribute  the  test  booklets,  answer  sheets , ' pencils ,  and 
scratch  paper^^  .  ,   " 


3.    Have  the  students  write  their  name  at  the  top  of  the  name  grid 
and  fill  in  the  name  grid. 

4  Say:     READ  SILENTLY  THE  GENERAL  DIRECTIONS  WHILE  I  READ  THEM 
ALOUD.     After  reading  the  directions,  say:     ARE  THERE  ANY 
QUESTIONS?  • 

5  Say  TURN  TO  THE  NEXT  PACE  AND  READ  THE  DIRECTIONS  FOR  PARTS 
I-IV  SILENTLY  WHILE  1  READ  THEM, ALOUD.     After  reading  the 
directions,  say:    ARE  THERE  ANY  QUESTIONS? 

6.    Play  the  example  demonstration  on  the  TV  monitor  and  have  the 
subjects  answer  the  example  question. 

7      Say     REMEMBER:     THIS  IS  AN  UNTIMED  TEST.     WORK  QUICKLY  AND 
DO  THE  BEST  YOU  CAN .     YOU  ARE  HOT  PENALIZED  FOR  GUESSiNC. ■ 


Say:  NOW  YOU  ARE  READY  FOR  PART  I •  CAREFULLY  WATCH  THE  TV 
MONITOR  AS  THE  PROBLEM  TASK  IS  PRESENTED. 


8. 

9.    Play  the  Part  I  task.    Then  say:    TURN  THE  PApEj  AND  BEGIN. 

10.    When  all  students  have  completed  questions  1-3. play  the  second 
section  of  the  task  for  Part  1.     Then  say:    TURN  THE  PAGE  AND 
ANSWER  QUESTIONS  U  THROUGH  11  THEN  STOP. 

11  When  all  students  have  answered  question  P,  pl.iy  -oc  Part  II 
task  on  the  TV  monitor.    Then  say:    TURN  THE  PACE  AND  BEGIN. 
STOP  AT  THE  END  OF  YaW  It  WHEN  YOU  SEE  THE  WORD  STOP. 

12  When  all  students  have  finished  Part  II,  play  P.irt  NI  and  say: 
?SrN  THE  PACF.  AND  BEGIN.     STOP  WHEN  YOU  HAVE  COMPLETED  PARI  lit. 

13.     Either  collect  .ill  tesi  materials  from  student  s  a«  they  finish 
or  collect  Hum  when  all  students  are  done. 
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Item 


Item  Analysis  Proportional  Reasoning  Test 


Response  Perce n tage 
a  r  C  D 


Blank 


1 

98.0* 

.8 

.6 

.6 

2 

1.2 

17.7 

79.  4* 

1.8 

3 

4.6 

26.8 

16.  9 

51.  A* 

.4 

A 

2.6 

97.2* 

U.  2 

5 

95.4* 

2.4  ' 

2.0 

.2 

— 

6 

88.3* 

7.  1 

I. A 

3.2 



7 

36.7* 

23.4 

JO.O 

9.5 

.A 

8 

4.6 

56.2* 

38. 1 

1.0 

.2 

9 

18.5 

42.9* 

29.0 

9.3 

.A 

6.0 

41.  7* 

-.20.6, 

31.2 

.6 

11 

38.5* 

8.1  ' 

30*  A 

22.6 

.A 

.2 

12 

99.0* 

>6 

.2 

1  J 

1.2 

m .  1  * 

u.  / 

/.(. 

t  / 

J.  o 

C  1  »  D 

11.1 

57.  3* 

15 

16.7 

38.3 

3A.3* 

10.  3 

.A 

16 

31.2 

23.2 

15.9  • 

29.2* 

.6 

> 

17 

3.2 

95. A* 

1.0 

.2 

.2 

18 

4.0 

J. 6 

A9.0 

45.2* 

.2 

19 

7.7 

41.  7 

12.1 

38.1* 

.A 

20 

44.2* 

47.0 

3.2 

5.0 

.6 

21 

13.5 

13.  5 

13.5  . 

33.  7* 

1.6 

*CnrUM't  Anr'.wn 
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Verbal -Visual  Test 
INSTRUCTIONS 


The  statements  on  the  JgllOwTng^eges^  represent  ways  of  thinking, 
studying  and  problem  solving,  which  are  true^f©^  soo»s  people  and  not  for 
others.    Read  each  statement  and  decide.whsther  orNipt  ic  ig  cfu*  wlth 
respect  to  yourself ,-  then  indicate  your  answer  on  the  separata  answer 


\ 

\ 


sheet.  *  x 

If  you  agree  with  the  statement  or  decide  that  it  does  describe 
you,  answer  TRUE  by  marking  iu  the  circle  below  the  letter  A.    If  you 
disagrse  with-*he  statement  or  feelTthat  it  is  not  descriptive  of'  youXx 
answer  FALSE  by  marking  in  the  clrcle^below  the  l*tt*r  *•    *****  th« 
statements  as  carefully  ^nd  honestly  as  you  can.    Ths>^stements  are  not 
designed  to  assess  the  goodness  or  badness  of  the  way  you  think.  They 
Ate  attempts  to  discover  the     thods  of  thinking  you  consistently  use  ii\ 
various  situations.    There  are        right  ojr- wrong  answers.  \      '\  \ 

In  Marking  your  answers  on  t fie  answer  sheet,  be  sure  that  the  number 
that  you  are  answering  is  the  same  a**  the  number  on  the  answer  sheet. 

Answer  every  statement  either  true  (A) f  or  folse  (B),  even  if  you 
are  not  completely' sure  of  your  answer^  If  there  are  any  questions,  please 
raise  your  hand. 


\ 


m  :  sis- 


1.     I  have  no   difficulty  in  expressing  myself  verbally. 

2*     il!Jf?ln?  t0  8°"Crne  ieC0UDt  hl*  «xPcr*enceS  4°**  not  usually  arouse 
mental  pictures  of  the  incidents  being  described. 

«.     Essay  writing  is  difficult  for  me. 

5.      By  using  mental  pictures  of  the  elements  of  a  problem,  I  am  often  able 
to  arrive  at  a  solution. 

r  enjoy  being  able  to  rephrase  my  thoughts  in  many  ways  for  variety's 
sake  when  both  writing  and  tweaking. 


6. 


7.  I  teJl  jokes  and  stories  poorer  than  most  people. 

8.  I  enjoy  doing  work  that  requires  the  use  of  words. 


9. 


My  day  dreams  are  sometimes  so  vivid  1  feel  at  though  I  actually 
experience  the  scene.  ' 


10.    I  often  use  mental  pictures  to  solve  problems. 

U*  i  fA*LU  dlf£lcult  to  f  ina  ^ough  synonyms  or  alternate  forms  of  a 
word  when  writing.  . 

12.  I  have  difficulty  expressing  myself  in  writing. 

13.  My  knowledge  miA  use  of  grammar  needs  improvement. 
-14.  I  would  rather  work  with  ideas  than  words. 

15.  I  enjoy  learning  nfcw  words  and  incorporating  then  into  my  vocabulary. 

16.  I  do  not  have  a  vivid  imagination.  1 

17.  1  can  easily  picture  moving  objects  in  my  mind. 

18.  I  can  form  mentU.  pictures  to  uJmost  any  word. 

19.  I  have  only  vague  visual  impressions  of  scenes  Phave  experienced. 

20.  X  can  easily  think  of  synonyms  for  word*. 

21 '  Llh^wt,"°',t  P'OPie  thl°k  ln  terme  of  mental  Pictures  whether  they 
are  completely  aware  of  it  or  not.  ° 
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22.  I  aa  able  to  express  my  thoughts  clearly. 

23.  I  consider  myself  a  fast  reader. 

24.  I  have  a  large  vocabulary, 

25*    I  find  it  easy  to  visualise  the  faces  of  people  I  know. 

26.  My  marks  have  been  hampered  by  inefficient  reading. 

27.  It  bothers  me  when  I  see  a  word  used  improperly. 

28.  I  am  fluent  at  writing  essays   and  reports. 

29.  I  can  close  my  eyes  and  easily  picture  a  scene  I  have  experienced. 

** 

30.  When  someone  describes  something  that  happens  to  him,  I  sometimes  find 
myself  vividly  imagining  the  events  that  happened. 

31.  When  I  hear  or  read  a  word,  a  stream  of  other  words  often  comes  to  mind. 

T 

32.  I  read  rather  slowly. 

33.  I  am  usually  able  to  say  what  I  mean  in  my  first  draft  of  an  essay  or 
letter. 

34.  1  never  use  mental  pictures  or  images  when  trying  to  solve  problems. 

35.  Studying  the  use  and  meaning  of  words  has  become  a  habit  with  me. 

36.  I  speak  or  write  what  comes  into  my  head  without  worrying  greatly  about 
my  choice  of  words. 

37.  I  find  it  difficult  to  form  a  mental  picture  of  anything. 

38.  My  dreams  are  extremely  vivid. 

39.  I  have  better  than  average  fluency  in  using  words. 

40.  I  read  a  great  deal. 

41.  I  am  continually  aware  of  sentence  structure.  . 

42.  .My  thinking  often  consists  of  mental  pictures  or  images. 

43.  '  1  do  not  form  a  mental  picture  of  people  or  place*  when  reading  of  them. 
*            44.    I  often  have  difficulty  in  explaining  things  to  others. 

45.    My  daydreiuj  are  rather  indistinct  and  hazy. 

\ 
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46.    I  often  eujoy  the  use  of  mental  pictures  to  reminisce. 

47*    I  often  use  mental  images  or  pictures  to  help  me  remember  things. 

48.  When  remembering  a  scene  I  use  verbal  descriptions  rather  than  mental 
pictures. 

49.  I  take  great  pains  to  express  myself  with  precision  and  accuracy  in 
both  verbal  speech  and  written  work. 

50.  I  have  difficulty  producing  associations  for  wbrds. 

51.  ~I  otten  have  ideas  that  I  have  trouble  expressing  in  words. 

52.  Just  before  falling  asleep  I  often  find  myself  picturing  events  that  have 
happened. 

53.  I  am  a  good  story  teller. 

54.  I  spend  very  little  time  attempting  to  increase  my  vocabulary. 


Modified  Verbal-Visual  Questionnaire 
Directions  for  Administration 


VVQ  is  a  series  of  agree-disagree  statements  which  attempts  to  measure 
subjects  preference  for  either  verbal  (low  score)  or  visual  (high 
score)  encoding  of  information.    Instructions  to  be  read  aloud  to 
subjects  are  in  capi luT letters.     Instructions  only  for  the  examiner 
are  in  regular  type. 


1.    Have  students  seated  in  the  examination  room.    After  making 
introductory  remarks,  say:     I  WIU,  NOW  HAND  OUTLAW;  TESTING 
MATERIALS.    DO  NOT  OPEN  YOUR  TEST  BOOiyj^ttfllL  TOLD  TO.  YOU 
SHOULD  EACH  HAVF  A  TEST  BOpKLK rSJSWEF  SHEET,  XND  A  92  LEAD 

.*  PENCIL. 

2^  ^Distribute  the  test  booklets,  answer  sheets,  and  pencils. 

3.  Have  the  students  write  their  name  at  che  top  of  the  name  grid 
*       and  fill  in  the  name  grid.  ' 

4.  Say:     READ  SILENTLY  THE  INSTRUCTIONS  WHILE  I  READ  THEM  ALOUD. 
After  reading  the  instructions  say:    ARE  THERE  ANY  QUESTIONS? 

5.  If  no  questions,  have  the  students  tutn  the  ^age  and  begin. 
Collect  materials  as  students  finish. 
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Directions  for  Administration;    Mathematics  Anxiety  Rating  Scale  (MARS). 


1.  Pass  out  Answer  Sheets,  ar.d  have  students  fill  in  the  name  section 
(Last,  First,  Hiddle  Initial). 

2.  Please  have  the  students  fill  in  the     J£  section  under  Special 
Codes    with  your  numher  code  (listed  below).     (See  Sample) 

3.  Pass  out  the  test  booklets  and  have  the  students  read  the  instructions 
on  top*    Please  do  not  have  them  write  on  the  test  booklet. 

4.  The  instructions  at  the  top  of  the  page  have  the  phrase  "you  are 
frightened  by  it  nowdays."    By  "f rightened"  we  mean  "do  not  like  to 
do  it  at  all"  or  "become  anxious  or  upset  when  doing  it." 

5.  While  there  are  several  items,  it  should  only  take  about  20  minutes 
to  complete  the  test. 
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Item  Analysis  Mathawtics  Anxiety  Ttst 
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29 
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Itcn  Analysis  Mathematics  Anxiety  Test 
(continued) 


It— 
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APPBDIX  C 


Reviewer's  Cooroents 


Dependent  Measures. 
Instruction  .  .  .  , 


C2D 


REVIEWERS  COMMENTS  ON 
DEPENDBJT  MEASURES 


The  reviewers  evaluated  the  quizzes  and  tests  at  the  same  time  as  they 
evaluated  the  instructional  units.   Overall  directions  for  reviewing  are 
given  in  Appendix  A.  y 

Questions  (Q)  and  Responses  (R)  for  Moles  Quizzes  and  Tests .1 

I.    Quizzes:    (CW  each  quiz,  two  itemS^msy  measure  the  same  objective. 
One  item  will  involve  decimals  whereas  "t^e  other  uses  whole 
nunbers.   We  thought  we  would  check  to  ^seeN^f  there  are  aay 
differences . ) 

(Q)  a.    it  there  are  any  quiz  items  that  do  not  natqh  the  stated 
objectives,  please  list  the  number, of  the  itfenu 

(Rl)   O.K.  \. 

(R2)    None.  >v 

(Q)  b.    If  there  are  any  quiz  items  with  content  errors,  please  \ 
note  item  and^Srror.  \ 

(Rl)  O.K. 

(R2)  None. 


II.  Test 


(Q)  a.    Do  you  think  the  test  adequately  samples  the  objectives 
of  the  unit? 

(Rl)   For  the  length  of  the  test,  it  is  fine.    I  think 
there  are  some  common  misconceptions  or  errors 
which  aren't  checked  by  any. of  the  items,  but  the 
objectives  arc  sampled. 

Much  more  than  adequate* -coverage  is  excellent. 

Each  test  contains  one -or  more  items  that  we  consider  to 
transfer  items.  Please  select  any  you  consider  to  be 
this  category. 

(Note:     Response  has  been  summarized  because  of 
length)  I'm  not  sure  that  any  of  them  are  but  I'm 
reasonably  confident  that  items  4  and  9  are  the  ones 
you  have  in  mind.   Other  transfer  items  are  possible 
that  might  be  better. 

(R2)    #4,  9. 
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REVIEWERS  COMMENTS  ON 
DEPENDENT  MEASURES 

\ 

The  reviewers  evaluated  the  quizzes  and  tests  at  the  saiije  1$ime  as  they 
evaluated  the  instructional  units.    Overall  directions  fpr  reviewing 
arc  given  in  Appendix  A.  \  I 

Quest  tons  (Q)  and  Responses  (R)'  for  Gas  Uws  Quizzes  and  test, 

I.  Quizzes'  (On  each  quiz,  two  items  may  measure  the  same  objective.  , 
One  item  will-  involve  decimals  wherea^  the  other  uses  wjiole 
numbers.   We  thought  we  would  check  to  see  if  there  are  any  m 
differences)*  % 

(Q)  a.    If  there  are  any  quiz  items  tliat  do  not  match  the,  stated 
objectives,  please  list  the  nunber  of  the  item.  \ 

\ 
\ 

(Rl)   No  response. 
(R2)  None. 

(Q)  b.    If  there  are  any  quiz  items  with  qontent  errors,  please 
note  them  and  the  error. 

(Rl)   No  response. 

(R2)  None. 

II.  Test  ^ 

(Q)  a.   Do  you  think  the  test  adequately  samples  the  objectives 
of  the  unit? 

/  *  A 

(Rl)  /Yes.  9 

^(1(2)    Yes,  there  is  excellent  coverage  of  the  objectives. 

JffTb.    Each  test  contains  one  or  more  itfems  that  we  consider  to  be 
transfer  items.    Please  select  any  you  consider  to  be  in 
this  category. 

^Kl)    I  like  #3  because  they  now  need  to  use  the  same  logic 
to  derive  a  relationship  slKfwing  P  related  to  T  with 
V  constant.   They  may  simply  say  Pft^  =  P^Vj^ 

canceling  the  V;  and  V2,  in  whichTl  T2 
case  little  or  no  transfer  is  involved. 
#ii  and  #10  involve  transfer  of  concepts  from  the 
&    mole  unit  to  this  unit.  , 

(R2)    *0  and  1 10. 
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The  reviewers  evaluated  the  quizzes  and  tests  at  the  same  time  as  they 
evaluated  the  instructional  "units.   Overall  directions  for  reviewing 
are  given  in  Appendix  A. 

Questions  (Q)  and  Responses  (R)  for  Stoichicmetrf  Quizzes  arri  Test. 

I.  Quizzes  (Ch  each  quiz,  two  items  may  measure  the  same  objective. 
Che  item  will  involve  decimals  whereas  the  -other  uses  whole 
numbers.   We  thought  we  would  check  to  see  if  there  are  any 
differences) . 

(Q)  a.    If  there  are  any  quiz  items  that  do  not  match  the  stated 
-  objectives,  please  list  the  number  of  the  item. 

(Rl)   No  response. 

(R2)  %  None. 

(Q)  b.    If  there  are  any  qui!  items  with  content  errors,  please 
note  them  and  the  error.' 

(Rl)    S-I-QP-1,  #4  doesn't  exactly  have  an  error  but 
mentioning  STP  for  the  CCfc  but  not  indicating  T 
and  P  for  the  other  gases  could  be  misleading. 
Are  only  two  choices  intended?  Where  is  the 
correct  answer?      -  * 

(R2)    S-I-QP-1,  question  4.   Only  two  of  the  four 
alternatives  are  listed  ahd  the  correct  one  is 
not  among  them  (A,  B  listed;  C9  D  not  shpwn). 
(Note:    This 'error  was  corrected  before  student 
use.)  * 

II.  iest 


(Q)  a.    I)o  you  think  the  test  adequately  samples  the  objectives 
of  the  unit? 

(Rl)    Yes,  - 

(R2)    No  response. 

(Q)  b.   Each  test  contains  one  or  more  items  that  we  coflfider  to  be 
transfer  items.    Please  select  any  .you  consider  to  be  in  this 
category. 

(Rl)    #5  and  #9  (I  predict  students  wili  do  poorly  on  them). 
(R2)    #5,  9,  10. 
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» 

The  reviewers  evaluated  the  quizzes  and  tests  at  the  same  time  as  ttey 
evaluated  the  instructional  units.   Overall  directions  for  reviewing 
are  givfen  in  Appendix  A. 

Questions  (Q>  mi  Responses^  (R).  for  Molarity-  Quizzes  and  Test. 

I.   Quizzes  (On  each  quiz,  two- items  may  measure  the  sainfe^bjective. 
One  item  will  involve  decimals  whereas  the  other  uses  whole 
nunfoers.  We  thought  we  -wuld  clieck  to  see  if  there  are  any 
differences).  %  . 

(Q)  a.    If  there  are  any, quiz  items  that  do  not  match  the  stated 
objectives,  please, list  the  number  of  the  item. 

(Rl)-  No  response. 

(R2)   None.  '  - 

(QJ  b.    If  there  are  any  quiz  items  with  content  errors,  please 
note  them  and  the  error. 


/ 

II.  Test 


(Rl)  No  response. 
(R2)  None. 


(Q)  a.    Uo  you  think  the  tost  adequately  samples  the  objectives 
of  the  unit? 

(Rl)    Best  you  can  do  with  1Q  items  but  you  covered 
a  lot. of  material. 

(R2)   Yes.  ^  * 

(q)  b.    Each  test  contains*  one  or  mote  items  that  we  consider  to  be 
transfer  items.    Please  select  any  you  consider  to  be  in 
this  category. 

» 

(Rl)   #5,  #7  and  possibly  #10.    I  expect  the  reasoning 
involved  is  different  than  what  is  used  elsewhere 
in  the  unit  but  the  skills  seem  to  be  the  same. 

(R2)   #5  and  #10.    i  selected  #10  because  different 
information  is  given  to  do  the  calculation 
compared  to  the  objective  #2  stated  in  lesson  3. 

Note:    In  all  cases  where  I  chose  items  as  transfer 
ones,  I  still  feel  that  they  match  objectives 
.  reasonably  well.   I  really  liked  the  instructional 
materials.   They  were  well  planned  and  executed 
and  the  quizzes  and  unit  tests  are  solid  (face) 
measures  of  the  material  and  transfer.* 
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UNIT  REVIEWER'S  COfffiNTS 
ON  INSrnUCTION 


INSTRUCTIONS  (To  Reviewers) :    Please  read  through  the  materials  and 
answer  the  following  questions.    We  are  particularly  interested  in 
your  comments  on  the  content,  rather  than  the  method. 

i 

Questions  (Q)  and  Responses  (R)  r»  MOLES  UNIT 
I.     TEAUIBTS  GUIDE 

(Q)  a.   Are  the  objectives  reasonable  for  the  topic: 

(Rl)   TTiey  look  O.K.  to  me. 

(R2)  Yes. 

(^)  b.   Are  the  prerequisite  skills  adequate? 

(Rl)    Well,  they  need' to  be  able  to  read,  write,  and  all 
that,  but  otherwise  they  look  O.K. 

(R2)  Yes. 

II^\  Instructional  Materials 

(Q)  a.    Is  there  adequate  coverage  of  the  topic? 
(Rl)    No  response. 

(R2)  Yes,  very  well  done  with  many  analogies  within 
caimon  experience  (bricks)  as  the  role  concept 
is  developed. 

(Q)  b>   Are  any  errors  in  chemistry  present? 

(Rl)    A  few  places,  where  there  may  be  confusion.    I  have 
indicated  these  (Lesson  I). 

(R2)    I  found  none. 

(Q)  c.    Does  the  unit  appear  to  be  matched  with  the  objectives? 

(Rl)  Yes. 

(R2)    tost  definitely! 
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UNIT  REVIEWER'S  COMENTS 
ON  INSTRUCTION 

i 

INSTRUCTIONS  (To  Reviewers) :    Please  re id  through  the  materials  and 
answer  "the  following  questions.   We  are  particularly  interested  in 
your  comments  on  the  content,  rather  than  the  method. 

Questions  (Q)  and  Responses  (R):    GAT  LAWS  UNIT 

*' 

I.  TEACHER'S  GUIDE 

(Q)  a.   Are  the  objectives  reasonable  for  the  topic? 
(Rl)  Yes. 
(R2)  Yes. 

(Q)  h.    Are  the  prerequisite  skills  adequate? 
(Rl)  Yes. 

(R2)    Yes.    Although  some  students  (even  in  chemistry) 
will  need  to  learn  how  to  calculate  °K  from  °C 
and  vice  versa,  tliis  is  easily  taught. 

II.  Instructional  Materials 

(Q)  a.    Is  there  adequate  coverage  of  the  topic? 

(Rl)   Depends  on  your  point  of  view.   The  focus  is  on  getting 
answers  to  problems  rather  than  understanding  the 
beha^  Lor  of  gases.    I  would  prefer  the  latter  but 
ev  ct  the  former  is  dictated  by  the  purposes  of  the 
i ~ search. 

(R2)    Yes,  again,  more  than  adequate  :  excellent.    I  really 
like  the  style. 

(Q)  b.    Arc  any  errors  in  chemistry  present? 

;  (Rl)  .See  Lesson  2.  \^ 

(R2)   A  possible  eiror  exists,  not  in  the  chemistry,  but  in 
the  definition  of  proportion  in  Lesson  1.    P^i  -  k  ■ 
P2V2       plvl  m  P2V2.  is  a  proportion,  but,  at  least, 
most  high  school  stuidents  won't  know  that  it  is  or 
isn't,  because  ?iVi  -  ?2VZ  can  be  P1V1  =    P2V2  . 

A  proportion  is  the  equality  of  2  Ratios.  However, 
in  your  lessor*  1  you  never  mak°  this  clear  how 
P1V1  "   P  2V2  is  the  eclualit>r  Ui  t*0  ra^05*  M°st 
students  will  simply  view  it  as  the  equality  of 


Gas  Laws 


products.    You  could  use  Pj  e  V2   but  this 

presents  a  transition  problem  to  the  combined 
gas  law  lesson.        =  ^     ,  however,  is  the  . 

clear  statement  of  the  equality  of  2  ratios 
tliat  students  will  recognize  as  such.    In  sum, 
what  i  am  saying  is  tliat  in  lesson  1,  you  may 
not  be  teaching  them  by  the  proportional  method, 
although  you  view  it  as  such. 

(Q)  c.    Does  the  unit  appear  to  be  matched  with  the  objectives? 

(Rl)  Yes. 

* 

(R2)    Well  matched. 


0 


533 


474 


UNIT  REVIEWER'S  CCWENTS 
ON  INSTRUCTION 


INSTRUCTIONS  (To  Reviewers):    Please. .read  through  the  materials  and 
answer  the  following  questions.   We  are  particularly  interested  in 
your  comments  on  the  content ,  rather  than  the  method.  . 

Questions  (Q)  and  Responses  (R) :    STOICHICMETRY  UNIT 

I.     TEACHER9 S  O'TDE 

(Q)  a.   Are  the.  objectives  reasonable  for  the  topic? 

(Rl)  Yes. 

(R2)    Yes,  they  remind  me  of  my  years  at  NCHS. 
(Q)  b.   Are  the  prerequisite  skills  adequate,? 
(Rl)  Yes. 

(R2)    Yes,  although  you  list  a  prerequisite  skill  the 
ability  to  balance  equations,  you  don't* emphasize 
it  in  the  unit. 


II.    Instructional  Materials 

(Q)  a.    Is  thegre  coverage  of  the  topic? 
^(Rl)    Yes.    (Too  much?) 
(R2)    Excellent  coverage. 
(Q)  b.   Are  any  errors  in  chemistry  present? 
(Rl)    I  didn't  find  any. 

(R2)    S-III-P-2-  The  equation  3H,  ♦  2^  is  not 

balanced!    (A  simple  typo  error O 

(Q)  c.   Does  the  unit  appear  to  match  with  the  objectives? 

(Rl)  Yes. 

(R2)   Very  well  matched;  no  loose  ends  hanging. 
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UNIT  REVIEWER'S  COMENTS 
ON  INSTRUCTION^ 

INSTRUCTIONS  (To  Reviewers) :   Please  read  through  the  materials  and 
answer  the  following  questions.   We  are  particularly  interested  in 
your  comnents  on  the  content,  rather  than  the  method. 

Questions  (Q)  and  Responses  (Rl:   MOLARITY  UNIT 

I.  TEACHER'S  GUIDE 

(Q)  a.   Are  the  objectives  reasonable  for  the  topic? 
(Rl)  Yes. 

(R2)     Yes,  quite  reasonable  expectations. 

(Q)  b.  t  Are  the  prerequisites  skills  adequate? 

^     (Rl)     Lesson  2,  tliey  roust  know  what  a  mole  is  and 
how  to  convert  from  mass  to  moles. 
(Other  units  cover  this,  of  course). 

(R2)     Yes,  you  Have  considered  what  they  should 
know  before  attempting  the  unit. 

II.  Instructional  Materials 
(Q)  a.    Is  there  adequate  coverage  of  the  topic?  < 

(Rl)   No  response. 

(R2)   Again,  tty  instructional  materials  are  excellently 
done . 

(Q)  b.    Are  any  errors  in  chemistry  present? 

(Rl)     Yes,  see  comments  on  lessons. 

(R2)     I  found  none,  except  for  a  misspelled  word  on 

Mo-l-P-6  in  the  problem:   Cobolt  should  be  Cobalt. 

(Q)  c.    Does  the  unit  appear  to  be  matched  with  the  objectives? 

(Rl)  Yes. 

(R2)     Well  matched. 
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APPENDIX  D 

Dependent  Measures  anil  Item  Analyses 
Moles  Immediate  and  Delayed  Posttests  ....  477 
Gas  Laws  Immediate  and  Delayed  Posttests.  . 


Stoichiometry  Immediate  and  Delayed 
Posttests  


ACS-NSTA  Chemistry  Achievement  Test 
Regular  .  .  ,  ,  


<- 
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...  489 

*      Molarity  Immediate  and  Delayed  Posttests.  .  .  49° 


501 


ACS-NSTA  Chemistry  Achievement  Test  v 
Scrambled  .  .%  •  •  -  /U4 
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MDles  I  -  QA  - 


Please  answer  the  following  questions  by  circling  the  correct  answer. 
In  order  to  get  full  credit  you  mist  show  your  woik  for  question  6. 
temcnbcr,  1  mole  ■  6 .02x10 2  3  particles  and  that  these  problems  aze  wry 
similar  to  the  use  of  dozen.   Example f  how  many  dozen  oranges  would  be 
xepresented  by  24  oranges? 


TO 


24  oranges  -  2  dozen 

,  12  orjtfigcs/Uozcn 


1.  Carton  tetrachloride  has  the  formula  OCl^.    How  many  moles  Qf  chlorine 
atoms  (Q)  are  in  3  moles  of  carbon  tetrachloride? 

a.  3  moles  r 

b.  6.02  x  1023  moles 

c.  12  moles 

d.  24.08  x  1023  moles 

2.  How  many  atoms  of  aluminum  (Al)  are  present  in  3  moles  of  aluminum? 

a.    2.00  x  1023  atoms 

Ik    5.02  x  JO23  atoms 
23 

c.  (J.03  x  10     atoms  \ 

d.  18.06  x  1023  atoms 

3.  How  many  moles   of  calcium  hydroxide  Ca(0H)2  correspond  to    12.04  x  10 
molecules  of  Ca  (0H)2? 

a.  0.5  mole  c.    3.01  x  1023  moles 

b.  2.0  moles  d.    24.12  x  1023  moles 
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4.  How  many  atoms  of  aluninum  (Al)  are  present  in  2.3  moles  of  Al? 

a.  0.382  x  1023  atoms 

b.  2.62  x  1023  atoms 

c.  13.85  x  1023  atoms 

d.  27.70  x  1023  atoms 

5.  How  many  atoms  of  chlorine  (CI)  are  present  in  4.0  moles  of  carbon 
tetrachloride  (CCL4)? 

a.  1.51  x  1023  atoms 

b.  6.02  x  1023  atoms 

c.  24.08  x  1023  atoms. 
,   d.    96.32  x  1023  atoms 

(».    Ikm  many  «k»Jvs  of  HiiorincatiwB.  (I  )  correspond. to  18.00  x  I02'  molecules 
of  calcium  fluoride  CaF2?    (You  must  show  your  work  to  get  full  credit?) 

a.  3 

b.  6 

s 

c.  18 

d.  36 
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Please  answer  the  following  questions  by  circling  the  correct  answer. 
In  order  to  get  foil  credit  for  question  four  you  must  show  your  work. 

These  problems  arc  very  similar  to  problems  like  that  of  the  packing 

carton.    Example:   How  many  dozens  of  fruit  can  be  stored  in  a  box  of 

69  pints  if  each  dozen  has  a  volune  of,  3  pints? 

69  ftHfts  >       «  23  dozen 
3  pints/dozen 

Renenber,  just  as.  in  this  example  where  1  dozen  ■  3  pints  for  gases  1  mole 
«  22^4  liters  at  SIP. 

1.  A  sample  of  helium  He  contains  2  moles.    How  many  liters  would  this 
gas  occupy  at  STP? 

a.  0.089  liter  ' 

b.  2.0  liters 

c.  11.2  liters 
44.8  liters 

2.  How  many  moles  are  represented  by  70  liters  of  fluorine  gas  (F2)  at  STP? 

a.  0.32  mole 

b.  3. 125  moles 

c.  70  moles 

'  d.    1589  moles 

3.  How  many  liters  would  6.32  jnoles  of  orfygen  gas  (O2)  occupy  at  STP? 

a.  0.282  liter 

b.  3.54  liters 

c.  141.6  liters 

d.  283,1  liters  u 

4.  A  sample  of  carlxjn  dioxide  {»;is  tCOj)  njcasured  at  STP  occupied  126.5  liters. 
How  many  moles  of  OO2  were  present  in  this  sample?    (Show  your  work  I) 

a,  0.177  mote  c.    379.5  moles 

b.  5.65  moles  d.    2833.6  moles 
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Please  anivir  the  following  questions  by   circling     the  correct 
answer,     jfou  aust  show  your  worV  in  order  to  rec^eve  full  credit  for 


question  5.     These  problems  ers  very  similar  toythe  situation;  of  *^**ns 
of  fruit.     Sxoaplos     If  a  doson  apples  wetglled  6000  grams  how  much  would 
4  do sens  apple*  MAigh?    

4  dp^en  epples     X    6000  graas    -     24,000  graas  epples 
dpxtn 

Atoeic  masses  you  aay  wish  to  usei 

Ca  -  40.1  C  -  12.0  ,  0-16 

Na  -  23.0  Kr  -  S3. 8  8V  -  79.9 

In  -  65.4  c 

1.  How  aeny  greas  of  sodiua  (Ma)  correspond  to  3  aeloe  of  He? 

a.     0.13  grea  , 
>  b.     7.67  greas 

c.  69. &  graas 

d.  32.0  greas 

2.  Row  aany  aoles  of  krypton  (Kr)  ges  correspond  to  167.6  grams  of  Kr? 

a.  O.S  sole 

l       b.  2.0  notes 

C«  &*t  aolet 

d.  335.2  aolet 

3.  How  auch  does  4.S  aoles  of  sodiua  (Ha)  weigh? 

a.  0.20  graa 

b.  S. 10  graas 

c.  23.0  graas 

d.  103.5  greas 

4.  A  seaple  of  calclua  carbonate  (CaCOj)  contains  3.6  aoles.     How  auch 
would  this  seaple  weigh? 

a.  27.9  graas 

b.  2*4.9  graas 

c.  360.4  graas 

d.  446.4  graas 

5.  How  aany  aoles  of  sine  broalde  <tn8r2>  correspond  to  200  graas  of  Znlra* 

a.  0.69  »ole 

b.  0.89  nole 

c.  1.13  motet 

d.  1.38  molts 
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Please  answer  the  following  questions  by  circling  the  correct  answer. 
Remember,  these  problems  maybe  solved  by  using  a  method  similar  to,  the  one 
Used  with  fruit.    Example:    How  much  volume   would  2k  oranges  occupy  if  eac> 
dozen  orange  occupies  3  pints?    (See  diagram) .  To  get  full  credit  for  question 
six,  you  must  show  your  work. 
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3  pints 


3  pints 


2*4  orattges  -  2  dozen 

12  o^dfi^es /dozen 

2  dp*€n  x    3  pints    ■    6  pints 
4&£en 

You  may  need  the  following  atomic  masses;  Ne  -  20.2  Cu  -  63.5  K  -  39.1  N  -  14.0 
0  -  16.0     C  -  12.0     H  -  1.0 

I.    What  vol**  would  18.06  *  1023  etoms  of  naon  gas  (Ne)  occupy  ac  STP7 

a>    j.o  liters  b.    7.*»7  Uteri 

c.    67.2  litan  <*•    ^.5  liters 

2".    What  would  ba  the  mess  of  ona  atom  of  copper  (Cu)7 

a.    0.0026  *  10"2'  gram  b.    lO.s"*  10*23  gram 

c.    63.5  *  lO-23  gram  o\    382.3  *  10"2)gram  , 

3.    What  volume  would  j*.3  *  1023  etoms  of  neon  (Ne)  jccupy  et  STP7 

e.    3-93  Uteri  b.    127.6  Uteri 

c.    13*8.5  Uteri  «•    ^25.3  Uteri 

k.    How  many  moles  correipond  to  303.3  gremi  of  potassium  nltrete  (KNOjH 
#.    0.33  mole  b.  2.35 

c.    i.00  molei  <•  *-M 

5.    How  many  moleculei  of  cerbon  dlo-ide  (C02)  ere  present  In  a  lample  of  C02 
that  hai  a  volume  of  *0.3  Uteri  et  STP7 


e.    S<05  moleculei 

c.    3*35  *  1023  molecules 


bt  9*2  x  1021  moleculei 
d.    10.8  *  102?  molecules 


6.    A  sample  of  ethane  gei  (C2H$)  ha.  a  man  of  60  gram..    What  volume  would 
thli  ges  occupy  et  STM   2       (to  sure  to /show  your  workl) 


11.2  liters 
80. k  liters 


b.  U.4  Uteri 
d.    10. *»  liters 
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MOLE  TEST 

Plaata  antwar  tha  follwoing  ouottiont  by  circling  tha  corrtct  intwar. 
Conttantt  and  atomlc>natiat  that  you  will  n—d  ara  list*  bolou. 

I  nolo  •  (.02  x  I023  partlclaa  I  nolo  ■  22.4  lltan  at  $TP 

Carbon  (c)  -  12.0  Hydros  <H)  •  1.0 

Sulfur  <S)  -  32.1  Onygnn  (0)  •  14.0 

Zinc  iln)  -  65.4  Clluai  (Ha)  -4.0  Xanoo  (Xa)  -  13 

I.    Him  mmny  molat  of  noon  gaa  (*a)  corrooaond  to  12.04  *  I023  ato*»  of  naon* 
A.    0.J3  "ola  •.  l.24molat 

C.    3-0  no  I  at  0.    108.7  oolat 

2.  How  many  nolaa  of  zinc  (Zn)  corratpond  to  143.5  raw  of  2n7 
A.    0.40  noli  2.50  nolaa 

C.    1422  nolas  0.    10322  oolot 

3.  How  nany  nolaculaa  of  nothona  iC%)  ara  pratant  In  •  tawola  of  nathana  that 
contains  5-0  win? 

»  A.    0.&3 x*  I02*  nolaculaa  '  I.    1.20  x  I02*  oolacuiat 

C.    3-01  x  1023  nolaculaa  0.    30.1  x  I02*  nolaculat 

k.  How  much  would  tha  oxygon  atom  with  In  a  »«*?la  of  CQ2  which  contalnad 
t.O  no I at? 

A.    I  grant  I.   44  grow 

C.    121  gram  ^    0.    174  gram 

5.  How  amy  nolaa  corratpond  to  14  lit  ara  of  oxygon  gas  at  STr? 
A.    p.7l  "ola     *  "°'«» 
C.    2.0  nolat  0.    358.4  mo  la 

How  much  would  «  unp:i  of  hoiluorgar  tnaT wo Tfh,  If  at  STF    It*  voluna  was 
78.4  W4ar*r~ 

A.    0.07  gran  ■  •  •*  9JmM 

C.    14.0  grama  »•   313.4  grant 

7.  A  sa*pla  of  hydrogan  ml f Ida  <H2$).hat  a  nasi  of  48.2  grant.    How  Many 
nolaculot  of  H2S  ara  pratant  In  thin  tampla?  - 

.A.    4.20  x  1023  molaculat  I.    12.04  x  I02*  moloculaa 

C.    I2.4(rx  I023  nolnculaa  0.    410.4  x  102*  molaculat 

8.  A  tampla  of  athana  gat  <C2H#,)  hat  a  volua*  of  100.8  lltart  at  ST*.  How 
many  molaculat  of  athana  ara  prattnt  In  tha.tampla? 

A.    1.34  x  I023  nolaculat  •.    27.1  »  »023  molaculat 

C    282.2  x  I023  nolaeulat  0.    375-1  «  moloculat' 

9.  a  tanpla  Of  tulfur  dloxlda  (502>        •  ■»•»  *f  ,2*-2  0r*"»-    How  many 
atom  of  oxygan  (0)  ara  pratant  in  thlt  tampla? 

A.    3.02  x  1023  atom  8.    12.04  x  I023  ttomt 

C.    14.04  x  I02*  atont  0.    24.08  x  I023  ttomt 

1Q.  How  much  would  3.03  *  1023  atont  of  xanon  9a*  Un>  walgh? 

A.    87.$  grant  8.    98.5  grant 

C.    157.0  grant   '  u.    1185.4  grant 
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Measure- Item 


•  Response  Percentage 

^  —  C  "3   B~ 


Blank 


Quiz  1 

Quiz  1 

Quiz  1 

Quiz  1 

Quiz  1 

Quiz  1 

Quiz  2 
Quiz  2 
Quiz  2 
Quiz  2 

Quiz  3 
Quiz  3 
Quiz  3 
Quiz  3 
Quiz  3 


Quiz  4 
Quiz  4 
Quiz  4 
Quiz  4 

Test 
Test 
Test 
Test 
Test 
Test 
Test 
Test 
Test 
Test ,. 


1 
2 
3 
4 
5 
6 

1 
2 
3 
4 

1 
2 
3 
4 
5 


Quiz  4  1 
Quiz  4  2 


3 
4 
5 
6 

1 
.  2 
3 
4 
5 
6 
7 
8 
9. 
10 


10.6 
1.3 
3.5 
S.S 
2.7 

38.1 

1.5 
4.4 
4.4 
2.5 

l.S 
3.5 
2.0 
4.7 
3.6 

8.0_ 

3.1 

5.1 

3.6 

1.8 

4-7 

.9 

6.2 
8.4 

75.0* 
2.5 
3.1 

•'  3.3 
9\l 
4.6 


3.3 
2.4 

86.9* 
3.5 
3.1 

46.2* 

.4 
92.1* 
2.5 
92.0* 

2.4 
93.2* 
1.5 
4.2 
73.0* 

2.5 
54.4* 
89.6* 
5.1 
4.2 
80.7* 

.7 

93.1* 

1.8 
15.3 

6.6 

7.1 
70.6* 
82.3* 
37.4 

3.8 


66.6* 
1.3 
2.9 
87.8* 
52.2 
4.7 

1.6 
.4 
89.0* 
.9 

94.7* 

1.6 

1.6 
87.4* 
15.3 

86.  J*' 
23.2 
1.6, 
79.7* 
11.5 
5.5 

95.4* 

2.0 

9.3 
52.2* 

2*2  r 
77.9*. 

7.5 

4.6  ' 

7.S 
58.6* 


17.9 
94.2* 
.4.9  • 

.9 
39.4* 
4.4 

95.8* 
2.0 
3.1 
2.2 

.4 
.9 
94.2* 

.  2.7 
5.5 

1.8 
17.0 

2.4 

9.5 
80.5* 

4.7<- 

2.5' 
2.2' 
82.3* 

22.6 
15,1 
10.8 
]7.7 

4.4 
42.3* 

6.9 


.9 
.5 
1.1 
1.3 
1.5 
3.1 

.2 
.4 

.2 
1.5 

.2 
.2 
.2 
.4 
2.0 

0 
.9 
0 
.5 
.4 
2  r 

.2 
.7 
.2 

1.1 
.9 

1.5 
.7 

3.3 

3.5 
25,7 


\ 
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Gas  Laws  l-QF-l 


Period  or  small  group: 


Please  answer  the  following  questions  by  circling  the  correct  answer. 
To  get  full  credit  for  question  four  you  must  show    your^work.    These  problems 
are  easily  solved  byt  predicting  the  factors.  Example: 
Problem:  /* 

-    *  .The  time  to  take  a  trip  by  car  is  Inversely  related  to  the  4 peed  of 
the  car.    The  fasjter  the  car  travels  the  less  time  it  takes  to  complete 
the  trip.    Suppose- that  a  trip. takes  3  hours  at  J»5  m.p.h.  How  long  would 
the  trip  take  at*55  m.p.h.?  .  . 

-  3  hours  x  k5  nuf^h.    *  2.*»5  hoUrs 

55  m^-p^h.  ** 


1. 


A  sample  of  gas  has  a  volume  oflSQQ  Vl  at  900  mm  Hg  pressure.  What 
volume  would  this  gas  occupy  at  f200  mnv  Hg? 


A.  720  ml. 
C.    3600  ml 


B.  1125  ml 
#  D.   '6000  ml 


WJjat  would  be  the  volume  of  a  sample  of  gas  at  800  mm  Hg  pressure,  if 
at  300  mm  Hg  pressure  the  volume  was  600  ml? 


A.    225  ml 
C.    1600  ml  - 


B.    400  ml 
D.    1833  ml 


3.    A  sample  of  gas  has  a  pressure  of  632  mm  Hg  and  a  vplumeof  *»92  ml. 
What  would  be  the  pressure  of  this  sample  of  gas,  if  the  volume:  became 
856  ml?  >    •  •    *  f( 


A.  363  mm  Hg 
C.    996  mm  Hg 


B.    666  mm  Kg 

D.    U00  mm  Hg. 


1».    What  would  be  the  pressure  of  a  sample  of  gas  of  1000  ml  volume,  if 
at  ll»00  ml  volume  the  pressure  was  500  mm  Hg?    (Show  your  work). 


A.  357  mm  Hg 
C.    700  mm  Hg 


*48Q_mm  Hg 
D.    2800  mm  Hg 
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Pj^ase  e  iwer  the  following  questions  by  circling  the  correct  answer.  To 

get  full  credit  for  question  four,  you  must  show  your  work.    Remember  to  set  up 

your  factors  based  upon  your  prediction  of  what  should  happen     The  relationship 

between  the' temperature  and  volume  is  a  direct  one.    Another  direct  relationship 

is  the  one  between  the  cost  of  objects  and  the  number  you  buy.    Example:  If 

chewing  gum  is  73c  for  3  packages,  how  much  will  9  packages  cost? 

73<    x    9  packages    -    219<    or  $2.19  ^ 
3  packages  * 


1.  A  sample  of  gas  has  a  volume  of  625  ml  at  27°C.    What  would  be  the  volume 
at  55°C? 

A.    307  ml  B.    572  ml 

C.    683  ml  D.    1273  ml 

2.  What  would  be  the  Celsius  temperature  of  a  sample  of  gas  of  350  ml  volume, 
if  at  kOO  ml  volume,  the  temperature  was  h6°Cl 

A.    6°C  \     B.  i»0°C 

C.    53°C  237°C 

3.  What  would  be  the  volume  of  a  sample  of  gas  at  63. ^C,  if  at  121. 2°c,  its 
vol ume  was  1*57  ml ? 

A.    238.5  ml  B.    3C9.9  r.l 

53^.3  ml  D.    871.7  ml 

k.    A  sample  of  gas  has  a  volume  of  275  ml  at  -10°C.    What  would  be  the 
temperature^at  520  ml  volume? 

A.    -272°C  B.  -254°C 

C.    -m°C  D.  22l»°C 
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Gas  Laws  lll-QF-1 


^Please  answer  the  following  questions  by  circling  the  correct  answer. 
To  get  full  credit  for  question  four  you  must  show  your  work.  Remember  to 
set  up  your  factors  based  upon  your  prediction  of  what  should  happen.  The 
relationship  between  the  volume  or  pressure  and  temperature  is  a  direct 
relationship,  while  the  relationship  between  pressure  and  volume  is  an  in- 
verse   relationship.  ' 

An  example  of  a  problem  using  both  a  direct  and  an     Averse  relationship 
might  be:    How  much  would  a  truck  driver  be  paid  if  he  got  $10.00  per  hour 
for  a  trip  of  275  miles  if  he  averaged  55  miles  per  hour? 

275  mi  1-es  x      1  hour  x  10  dollars     -  50  dol  lars 
55  miles         1  hour 
1 

I.    A  sample  of  gas  has  a  ^volume  of  400  ml  at  600  mm  Hg  and  -73  C.  What 
would  be  the  volume  at  1500  mm  Hg  and  27°C? 

f 

A.  I  107  n,l  |  B.    2*40  ml 

C.    433  ml  j  D«    1500  m1 

2      A  sample  of  gas  has  a  \pressure  of  600  mm  Hg  at  0°C  and  900  ml.  What 
would  be  the  pressure  l?t  273°C  and  300  ml? 

A.     100  nm  Hg  B.    400  mm  Hg 

C.    900  mm  Hg  '  D.    3600  mm  Hg 

What  would  be  the  Celsius  temperature  of  a  sample  of  gas  at  500  mm  Hg  and 
500  ml,  if  at  57°C  the  pressure  was  1000  mm  Hgjnd  1500  ml  volume7 

A.    -218°C  \         B.  -539C 

r      «°r  0.  222°C 

C.    55  C 

1  \ 
4     A  sample  of  gas  has  a  volume  *f  632.4  ml  at  25.3°C  and  784.6  mm  Hg.  What 
would  be  the  volume  at  51.6°C\and  954.2  mm  Hg? 

A.    477.9  ml  \    B.    565.8  ml 

C.    7$3.8  ml  \  0-    ,o6o-5  ml 


3. 
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Measure -Item 


Response  Percentage 


Blank 


Quiz  1 
Quiz  1 
Quiz  1 
Quiz  1 

Quiz  2 
Quiz  2 
Quiz  2 
Quiz  2 

Quiz  3 
Quiz  3 
Quiz  3 
Quiz  3 

Test 
Test 
Test 
Test 
Test 
Test 
Test 
Test 
Test 
test 


1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 


1.3 
80.3* 
92.1* 
12.0 

.5 
83.6* 
4.7 
2.2 

4.2 
2.7 
69.3* 
7.8 

21.2 
7.1 
77.2* 
8.2 
67.7* 
28.5 
70.4* 
12.4 
5.7 
8.6 


94.34* 
1.8 
1.5 
.4 

5.5 
8.0 
79.6* 
2.9 

83.0* 

9.1 

6.4 
77.2* 

69.0* 
73.4* 

4.0 
10.2 
25.2 
62.0* 

3.8 

7.1 
12.2 
25.0 


.7 
14.0 

.2 
82.8* 

88.0* 
3.3 
8.9 
6.6 

1.6 
10.0 
10.8 

5.7 

3.3 
12.8 

6.2 
11.1 

2.0 

2.0 
13.9 
73.4* 
74.6* 
45.1* 


.2 
.5 
2.7 
1.3 

3.1 
2.0 
.4 
84.7* 

7.3 
74.1* 
9.5 
4.0 

2.9 
2.9 
8.8 
66.4* 


1. 
3. 
7. 
2. 
3. 
14. 


.4 
.2 
.4 
.4 

0 
.2 
2.5 
.5 

.2 
.4 
.4 
1.6 

0 
0 
.2 
.4 
.2 
.5 
.5 
.4 
.2 
2.9 


*  Correct  answer 
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Gas  Laws-T-1 

Name:   .  


Period  or  small  group: 


Please  answer  the  following  questions  by  circling  the  correct  answer. 

1.  A  gas  sample  has  a  volume  of  200  ml  at  800  mm  Hg.    What  would  be  the 
volume  at  *00  mm  Hg  if  there  is  no  temperature  change? 

A,     100  ml  *•    WO  ml 

C.     1600  ml  0.    6*00  ml 

2.  A  gas  sample  has  a  volume  of  300  ml  at  52°C.    What  would  be  the  Celsius 
temperature  of  this  sample  if  the  volume  was  increased  to  900  m!7 
Assume  no  pressure  change. 

A.    -I65°C  B-  ?02°C 

C.    975°C  °«  lV*oc 

3.  a  gas  sample  h.s  a  pressure  of  500  mm  Hg  at  -73°C.    Assuming  that  the 
volume  stays  constant,  what  would  be  the,  Celsius  temperature  of  this 
sample  at  250  mm  Hg?  -. 

A,    -I73°C  8.  -I4*°C 

c.   -36. 50c  o«  100°c 

*     A  qas  sample  has  a  volume  of  900  ml  at  0°C  and  250  mm  Mg.     If  the  volume 
'    becomes  300  ml  and  the  temperature  273<>C,  what  would  be  the  pressure? 

A.    1*2  mm  Hg  8.     1 67  mm  Hg 

C.    375  m  Hg  °-    »500    mm  Hg 

5.    A  gas  sample  has  a  volume  of  326.5  ml  at  635.2  mm  Hg,  Assuming  no  tem- 
perature change,  what  would  be  the  volume  at  9*7. 0  Hg7 

A.    218.9  ml  *•    i,87',  ml 

C.    181.3.5  ml  D*  ml 

6     The  pressure  of  a  gas  is  directly  related  to  the  number  of  molecules  of 
thJ  SI!    If  a  gas  sample  contained  12  x  1©23  molecules  at  a  pressure  of 
1500  ™  Hg,  what  would  be  the  pressure  if  the  number  of  molecules  was  in- 
creased to  18  x  1023  molecules?    Assume  no  volume  or  temperature  change. 

A.    1000  mm  Hg  8.    2250  mm  Hg 

C.    0,001  x  I0»  m  Hg  0.    2.25  x  10*3  mm  Hg 

7.    A  gas  sample  has  a  volume  of  500  ml  at  800  m  Hg  and  -23°C.    What  would 
be  the  Celsius  temperature  if  the  pressure  was  changed  to  1000  mm  Hg  and 
the  volume  to  200  ml? 

A.    -I*8°C  8-  ,,'5°C 

C.    I25°C  °*  78,°c 

6.    What  would  be  the  volume  of  a  gas  sample  at  150  mm  Hg  and  177°C.  If  at 
700  mm  Hg  and  77°C  the  volume  was  /50  ml? 

A.    207  mi  B.     250  ml 

C.    *500  ml  0.  80*5 

9.  A  gas  sample  has  a  volume  of  660  ml  at  27°C.    What  would  be  the  volume 
of  this  sample  at  127°C? 

A.     1*0  ml  8.    *95  ml 

C.    880  ml  0-    310*  ml 

10.  What  volume  would  'i/e  <*oles  of  a  gas  occupy  at  27°c  and  760  Hg? 

{7T0  mm  Hg  •  I  atmosphere). 

A.    22.*  I  iters  B.    102  I  iters 

C.    123  liters  0.    28*  I  iters 

5oi 
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Please  answer^the  following  questions  by  circling  the  correct  answer. 
TtTget  full  credit  for  question  k  you  must  show  your  work.    The  relation- 
ships for  particles,  moles,  and  volume  may  be  summarized  by: 


1 

VOt  (MM 
A 

«  

A 

HOIM 
1 

m 

i  * 

C«u«tton 

<  

MrtlclM 
A 

 ^ 

HnU\m 
1 

<  

When  the  compound  potassium  chlorate  (KCIO3)  is  heated  it  breaks  down 
Into  potassium  chloride  (KC1)  and  oxygen  gas  (O2).    This  is  represented 

by  the  equation  2  KC,03(S)   *  2  KC] ls\    +    3°2  (<j)'    *****  many  mo!eS 

of  O2  would  be  formed  from  6  moles  of  KtTOj? 


A*  k  moles 
C.    9  moles 


B.    6  moles 
D.     12  moles 


2.    Carbon  monoxide  gas  will  burn  (react  with  02)  to  form  carbon  dioxide  gas 


according  to  the  reaction  2  C0(g)    +    02  ( 
liters  of  CO2  would  be  formed  at  STP  from 
carbon  monoxide? 


->  2  CO  ,  How  many 
liters  of  oxygen  and  excess 


A.    9  liters 
C.    22. k  liters 


B.  18  liters 
D.    36  liters 


3.    Propane  gas  (C3H8)  will  react  with  oxygen  gas  (02)  to  form  carbon  di- 
oxide (Congas  and  water  vapor  (H2O).    This  is  represented  by  the  equation 
C3H3    +    5  02  -V — >  3  co2    +    *  H2°*  "^"Y  mo'ecul"  °f  oxygen  will 

be  needed  to  react  completely  with  5  x  1023  molecules  of  propane? 


A.    5  molecules 

C.    1  x  I023  molecules 


B.    25  molecules 

D.    25  x  1 023  molecules 


ERLC 


k.    How  many  liters  of  CO2  gas  would  be  produced  at  STP  if  2k,Z  liters  of 
CjHg  reacted  with  excess  oxygen  according  to  the  reaction  C3H8  (g)  + 


5  0S 


(g) 


->  3.C02    g>    +  *i  H20  (g)7 


A.    3.0  liters 
C.    22. ^  liters 


B.    8.1  liters 

d.  72.3  ii65£ 
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Period  or  sma* I  group: 


Please  answer  the  following  questions  by  circling  the  correct  answer. 
To  get  full  credit  for  question  four  you  must  show  your  work. 


i  i.  u 


•!«  »r-. 


Atomic  Masses  you  may  need;'    P    -    31*0,  0 

N    -  S 


16. 0, 
32.1 


23.0t  H 


1.0. 


I.    White  phosphorus (P||)  reacts  with  oxygen  gas  (O2)  to  form  P4O6  js).  The 
balanced  reaction  is  P||  (s)    ♦    3  O2  (g)  *  pi«06  (s)«    How  many  grams 

of  Pj,0£  would  be  produced  if  96.0  grams  of  *0%  react  with  excess  PjJ 


A.  **7.0  grams 
C.    220.0  grams 


B.  106.7  grams 
0.    960.0  grams 


Sodium  metal  (Na)  reacts  with  water  (H2O)  to  form  sodium  hydroxide  (NaOH) 
and  hydrogen  gasa(H2).    The  balanced  equat  ion  is:    2  Na  (s)    ♦    2  H2O  (^) 

>  2  NaOH  (aq)    ♦    H2  (g).    How  many  grams  of  sodium  would  be 
needed  to  produce  67.2  liters  of  H2  (measured  at  STP)  if  the  sodium  reacts 
with  excess  water? 


A.  3^.5  grams 
C.    138.0  grams 


B.  .  13^.3  grams 
0.    276.0  grams 


3.    Sodium  nitrate  (NaN03 )  can  be  decomposed  into  sodium  nitrite  (NaN02)  and 
oxygen  gas  (O2).    The  balanced  equation  is  2  NaN03  (8)         >  2  NaN02  (s) 
♦    O2  (g).    How  many  molecules  of  oxygen  gas  can  be  produced  from  $5.0 
grams  of  NaN03? 

6.    6.02  x  )023  molecules 


A.  3.01  x  1 0 2 3  mo4ecules 
C.    12.0^  x  J023  molecules 


0.    256  x  1023  molecules 


ERLC 


Sulfur  (S^)  reacts  with  oxygen  gas  (O2)  to  form  sulfur  dioxide  'SO2J. 

The  balanced  equation  is  $g  (s)  ♦    3  02  (g;  *#3  S02  (g).  how 

many  grams  of  SO2  would  be  'ormed  when  72.5  grams  of  %  reacts  with 
m*c*>s*  oxygen. 


A,  18.I  gram* 
C.    5d0>0  >jritii* 


S.  U4,8  grams 
J.     '  158.2  ^rj** 
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Period  or  Small  Group 


Please  answer  the  following  questions  by  circling*  the  correct  answer.    To  get 
full  credit  for  question  four  you  must  show  your  work. 


Kolacwrar 
Mm* 


■nlc 


ff«l  (mi 


IffMl  Ion 


4  imf 

Mill  111* 
mAl 


tt.% 
liter* 


Pfctl#* 


far  i  Ic  lr« 
A 


ft*  lanced 
f^N«l ton 


•t7«iaJ> 
pat  t  Ic 


HntorulM 
lUss 


Haw 
I 


Atomic  masses  you  may  need: 
P  -  3K0,       CI  =  35.5 
C  *  12.0.         H  «  K0 


Particles 


I.  White  phosphorous  (P&)  resets  with  chlorine  ges  (CI;)  co  form  PC^f,),  the* 
balanced  equation  Is  Pi(j)  +  6Cl2rg)  "T^  ipc^3(s)*  How  'ninv  ^"C"!'*  of 
PCl^  would  be  formed  from  67.2  liters  of  Cl2  (neasured  at  ST?)  end  excess  ?6? 


A.  1. 00  x  1023  molecules 
C.     12.04    x    in23  molecules 


B.  U  01  x  1023  molecules 
D,    27.09    x    1023  molecules 


Use  the  following  reaction  for  questions  2,  3,    md  '*, 


7.     If  f  h#  gasps  irr>  measured  nt  STP,  how  many  liters  of  enrhon  dioxide  (C02) 


would  he  formed  from  20  liters  of       -«nd  excess  C}HR? 


K.  2.7  liters  - 
C.    33.3  liters 


B.  12,0  liters 
0.    100  liters 


3.    How  many  grams  of  water  would  be  formed  frtm  112  liters  of  C^-Hg  (  messured  at 
ST?)  md  excess  02? 


k.  22.5  grams 
C.     360. L  {rams 


B.  90.0  grams 
0.  ^8.0  grams 


How  manv  molecules  of  carhon  dioxide  would  be  formed  If  84, 5  liters  of  C^Hg 
(ntaeurad  at  STP)  reacted  with  excess  03? 


.23 


A.    0.53    x    10^  molecules 

C,  7,6 


1023  molecules 


B.  i,8  x  10  molecules 
D,    68,1    x    10  3  molecules 


5^4 


Name: 
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Period  or  small  group: 


Please  answer  the  following  questions  by  cirtling  the  correct  answer. 
You  may  need  the  following  atomic  masses  and  constants: 

C    -    12.0       H    -    1.0       N    -    14.0       0    -  16.0 

Fe  »  55.9  1  mole  -  22.4  liters  at  STP  »  6.02  x  1023  panicles 
The  following  balanced  equation  may  be    used  for  questions  one  through  six. 

*  M3  (g)    +    5  02  (g)  >>*  NO  (g).   +    6  H20  (g) 

1.  How  many  moles  of  nitrous  oxide  (NO)  will  be  produced  when  10.0  moles 
*  of  oxygen  gas  (O2)  reacts  with  sufficient  ammonia  gas  (NH3)? 

A.    ift.O  moles  B.    8.0  moles 

C.    10*0  moles  D.    12.5  moles 

2.  How  many  grams  of  water  (H20)  will  be  produced  when  34.0  grams  of  ammonia 
(NH3)  reacts  wi th, sufficient  oxygen  gas  (02)? 

* 

A.    3.0  grams  B.    24.0  grams 

C.    51.0  grams  0.    54.0  grams 

3.  How  many  molecules  of  oxygen  gas  (02)  are  necessary  to  react  completely  , 
with  56.0  liters  of  ammonia  (MH3)  measured  at  STP? 

A.    3*01  x  1023  molecules  B.    12.04  x  1023  molecules 

C.    15.05  x  l623  molecules  D.    18.81  x  1023  molecu.c: 

4.  How  many  grams  of  water  (H20)  will  be  produced  when  18.06  x  1023  molecules 
of  nitrous  oxide  (NO)  are  produced? 

A.    36.0  grams  B.    54.0  grams 

> 

C.    81.0  grams  -  D.    325.1  grams 

5.  How  many  liters  of  water  (H2O)  will  be  formed  when  liters  of  ammonia 
(NH3)  are  mixed  with  134.3  liters  of  O2  at  STP? 

'  A.    29.9  1  iters  B.    67.2  1  iters 

C.    80.6  liters    *  0.    537.6  liters 
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6.  How  many  liters  of  mltrous  oxide  (NO)  will  be  prodocad  when  67.2  liters 
of  oxygen  gas  (O2)  react  with  sufficient  ammonia  (NH3)? 

A.    3.75  liters  B.    53.8  liters 

C.    8*».0  liters  0.    lO1*.**  liters 

Use  the  following  balanced  reactions  for  questions  seven  through  ten. 

Fe203  (s)    ♦   3  CO  (g)  >2  Fe  (s)    ♦   3  C02  (g)  » 

7.  How  many  grams  of  iron  (Fe)  will  be  produced  from  3.0  moles  of  iron  (Ml) 
oxide  (Fe203) reacting  with  sufficient  CO? 

A.    6.0  grams  B.    9.32  grams 

C.    83.9  grms  B.    335. grams 

8.  How  many  grams  of  iron  (Fe)  will  be  produced  when  78.**  liters  of  carbon 
monoxide  (CO),  measured  at  STP,  reacts  with  sufficient  Fe203? 

A.    111.8  grams  B.    1 30. k  grams 

C.    195J  grams  D.    293.5  grams 


9.  Some  of  one  of  the  reactants  (CO  or  Fe203)  will  be'  Jeft  over  after  319.6 
grams  of  iron  (Ml)  oxide  (Fe20i)  are  mixed  with  I96.O  grams  of  CO.  Whicl 
reactant  is  it  and  how  much  will  be  left? 

A.    28.0  grams  CO  B.    113.6  grams  Fe203 

C.    168.0  grams  CO  B.    372.9  Fe203  ' 


10.    How  many  atoms  of  Fe  would  be  produced  when  12.0**  x  10*3  molecules  of  CO 
react  with  sufficient  Fe203? 

A.    8.03  x  1023  atoms  B.    16.06  x  1023  atoms 

C.    18.06  xl023  atoms  B.    2<».08  x  1023  atoms 
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Blank 


Quiz  11  6.0  4.0  <              86.9*               2.7  0 

Quiz  1     2  5.5  10.6  .4  83.2*  0 

Quiz  1     3  2.0  4.4  5.5  87.8*  0 

Quiz  1     4  2.2  5.7  3.3  86.3*  2.2 


Quiz  2  1  3.5  5.7  84.9*  3.5     .  .7 

Quiz  2  2  8.4  1  12.8  68.4*  8.0  .6 

Quiz  2  3  60.8*  14.4  17.2  4.9  .9 

Quiz  2  4  10.6.  60.8*  13.3  9.9  3,7 

Quiz  3  1  1.8  .4.2  88.7*            "  4.2  .2 

Quiz  3  2  6.4  78.8*  8.0  5.1  .7 

Quiz  3  3  6.4  6.8  73.7*  12.0     .  .2 

Quiz  3  4  2.6  6.6  8.6  79.2*  •  2.2 

Test  1  8.4  82.9*  2.9  4.4.  .2 

Test  2  8.2  8.0  22.1  59.3*  ,  1.1 

Test  3  4.6  11.9  13.1  68.6*  .6 

Test  4  7.1  12.2  70.3*  8.4  .7 

Test  5  7.3  75.7*  7.9  4.9  2.9 

Test  b  5.3  78.1*  11.1  2.7  1.3 

Test  7  9.1  5.3  17.0  65.9*  1.3 

Test  8  9.7  65.2*  11.5  11.0  1.3 

Test*  9  36.1*  27.9  18.6  11.3  4.6 

Test  10  64.4*  13.3  7.5  10.9  2.4 

/ 


*  Correct  answer 


9 
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'  Nam:  :  5  Mo-l-QP-1  496 

Period  or  small  group:   

*  '     •  / 

Please  answer  the  following  questions  by  circling  the  correct  answer. 
In  order  to  get  full  credit  for  question  five,  you  must  show  your  work. 
Remember  to  use    proportions  when  you  can  to  work  the  problems. 
Example:    How  many  gallons  of  gas  could  a  person  purchase  for  $5*00 

if  the  gas  is  $1.10  per  gallon? 

i 

X       -    1  gallon       (x)($1.10)  =  ($5.00) (1  gallon) 
$5-00  $1.10 

x  *  (#5.00) (1  gallon)      ■    4.55  gallons 
(*1.10) 


AM  of  the  following  questions  deal  with  the  substance  potassium  chloride 
(Kdl;  which  has  a  molecular  mass  of  7<»-6  grams  per  mole. 

1.  What  would  be  the  molarity  of  a  solution  made  by  dissolving  6.0  moles 
of  potass  turn  chloride  (KCI)in  enough  water  to  make  3.0  liters  of 
solution? 

A.     0.5  M  '     B.     2.0  M 

C.     50  M  0.    6.0  M 

2.  What  would  be  the  molarity  of  a  solution  made  by  dissolving  11»9«2  grams 
of  KCI  in  enough  water  to  make  1200  ml  of  solution? 

A.     0.1*2  M  B.  -  0.60  M 

C.     1.67  M  0.     2.1»0  M 

3.  How  many  grams  of  KCI  would  be  present  in  1600  ml  of  a  0.£0  M  KCI 
solution? 

A.     23.3  grams  B.    59-7  grams 

C.    93.3  gr,ims  0.    238.7  grams 

1*.    What  wou.d  he  the  molarity  of  a  solution  made  by  dissolving  0.1*5  moles 
af  KCI   in  onouqh  ./ater  to  make  1  *»00  ml  of  solution? 

A.     0.32  M  8.     3.1  M 

C.     28.0  rt  D*.     35.7  « 

5.     How  *Mn/  milliters  of      '.6  M  KCI  solution  *ould  tontam  l**,9  grams 
of  KCI? 

A.    8.0  ml  B.     125  ml 

C.     320  ml  0.     3125  ml 


9 
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Period  or  small  groups 


Mo-ll-QP-1  497 


Please  answer  the  following  questions  by  circling  the  correct  answer. 
To  get  full  credit  for  question  five,  y<iu  must  show  your  work,  j  Remember 

v.  „ 

to  set  up  proportions  whenever  possible  to  help  solve  the  problems. 

Example:    A  jet  can  travel  500  miles  per  hour.    How  many  hours  would  a 
trip  of  2500  miles  take? 

x  .    1  hour  (x) (500  miles)    -  (2500  mi les) (1  hour) 

2500  miles  500  miles 

x  -  (25Q0.ml*€s)(1  hour)     »   5  hours 
(500  mpSTJ 


1.  What  would  be  the  molarity  of  a  solution  made  by  boiling  off  500  ml 
of  water  from  2500  ml  of  a  2.0  M  NaCl  solution? 

A.    0.^0  M  B.    0.625  M 

C.    1.67  M  0.    2.50  M 

2.  What  would  be  the  molarity  of  a  solution  made  by  adding  1.0  liter 
of  water  to  2.0  liters  of  a  3.0  M  Natl  solution? 

A.    0.22  M  B.    0.50  M 

C.    2.0  M  i>.  '  6.0  M 

3.  How  m.iny  milliliters  of  w,Uer  must  be  added  to  750  ml  of  a  1.25  M  NaCl 
solution  to  reduce  the  molarity  to  0.50  M? 

A.     217  nil.  B.     1125  ml 

C,     2583  ml  &•     26^  ml 

\.    What  would  be  the  molarity  of  a  solution  made  by  adding  850  ml  of 
water  to  ]k00  ml  of  a  2.6  M  NaCl  solution? 

A.    0.62  M  .  B.    0.83  M 

C.     1.62  M  0.    6-62  M 

5.    How  many  milliliters  of  water  must  be  boiled  away  from  1200  ml  of 
'  1.6M  NaCl  to  produce  a  2.0  M  NdCI  solution?  . 

A.     160  ml  B.    2^0  ml 

r.     533  0,1  D*     7,60  ml 

5o'J 
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Period  or  small  group:   


PIcjsc  anbtter  the  lulluwhuj  questions  by  circling  the  correct  answer. 

To  get  full  credit  for  question  five,  you  must  show  your  work.  Remember 

to  set  up  proportions  when  working  the  problems.  Example: 

A  trucker  can  by  dieseT  fuel  for  $1.10  per  gallon.    How  much 
'money  would  it  Uikc  for  a  trucker  to  f'll  up  a  50  gallon  -tank? 

1 

x  -    $1.10  (x)  (I  gallon)    =    (50  gallons) ($1 . 10) 


50  gal  Ions  I  gal  Ion 


x  =  (50  gal  Ions) ($1.10)    «  $55-00 
(I  go V Ion) 


Question*  one  thru'iijh  four  deal  w»  th  th»«  following  balanced  reaction: 

2  HU(oq)  *      ^(0U)2M  =^*<jCI2<,,q)    ♦       2  H20{1)  ' 

Molecular  »os jcs •  IK. I  -  J6.5;  H<){0H)2  "  Sti.3  ;  "  95.3  .  h20  •  18.0- 

\ 

1.  How  it.wy  moles  of  magnesium  chloride  (rWiCI^)  would  be  produced  when 
2.0  liters  of  1,0  H  hydrochloric*  acid  (MCI)   reacts  wkh  a  Sufficient 
amount  of  magnesium  hydroxide  My(0H)?7 

% 

A.    '  C.5  mole  8.     i  .0  mole  -; 

C.         2  . 0  mn  I  c  S  0.     *• .  0  mo  1 1 S 

2.  How  m.in/  mams  of  ni.ifines  turn  h/<iro*idi»  (HtjtOH^)  are  neeoed  to  react 
cu»«plclol/  with  500  ml  of  a  1.20  M  hydrochloric  acid  (MCI)  solution? 

A.        17.5  <}ram«,  B.     70.0  grams 

C        I9*».3  <K'i«iis  0.    279. 0  grams 

3.  '  What  would  be  »h«»  molarity  of  1500ml  of  mannu^ium  chloride  (M9CI2) 

solution  fon«-  I  when  1200  ml  of  a  **.0  M  h /d r<x h lor#rc  acid  solution 
rp.ic.ts  with  «urfini«ui  magnesium  hydroxide  iHgiOM)^)! 

1  i 

A.         0.*IO  M  0.     I  .6  M 

\ 

L        3.2  m      \  t),  6,'tti 

,     H'»v<  ni,)ny  m<»|f,  of  ma<tne  s » t      cnloridc   (m^C^)  t'Ould  be  produced  when 
IL0D   il  of  0.36  M  hydrochloric  oc  id  (hCI)  reacts  with  a  sufficient 
ju'ouni  of  magnesium  hydroxide  MytOH)^? 


[ 


m.       0.3?  Mole  8.    0.65  ">ole  ' 

C.        I  .30  I'^ifi  0.    2.30  moles 

:   fc  >  (  irtn  «''•  1,<«';C*>^  /  »  »  !  •   •  c  n  l    -  *  kh  i^gryuhlur  it,  «»t.  »d   l^C  !  )  Co 
f  mi  .<<(Jiiim    nl»r»d"  (NtiCI),  w«»t«i    (H-0)  ana  carbon  dioxide  '10,). 
nt.rfi.in/  I  ticf  of  C0^   unci'ured  .it"»TP)    *  *  l  I  be  produced  *n«»n  *300jn 
of  n.O  M  mC  i^iuts  with  sufficient  NojlOi?  Rr.iction.  NajCO^ 

*2  MC,(a./  >  2  f,iUUn  *  H:°(U  *  t°2(.Sl 

A,        2  t£4fc  1 1 1" *  20.2luers  , 

C  ,        7'».  /   I  »'trrs  .  .  '*   I  « lor* 
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Period  or  tell  Crnua-t  —  — 

PIMM  answer  the  following  ouostlons  by  circling  the  correct  enswer. 
You  nviiMi  the  following  moloculer  •»»•••  constants. 

MCI  •  51.5       CM30M  -  J2.0       U2C03  -  73.8         HMOj  -  6J.0 

11110,-tM      00,-m.O  H20-  18.0 

I  M|,  •  a.*  "tors  at  ST»         I  *•!•  •  6.02  *  »023  MrtlcUs 

l«  Whet  Mould  bo  the  molarity  of  e  Mlutlo«*m*  by  dissolving  *5  «ol« 
of  MCI  In  enough  Motor  to  for*  1.5  "tors  of  solution! 

A.    0.(0  M  8.    1.67  H 

3.75  «  °*    •  00  H 

2     What  volume  of  o  2.0  H  U.MO    solution  would  contain  37-5  of 

A.    275  »l  *}Qm* 
C.    1304  ml  •■  3oM>*l 

3.  ^het  volume  of  -.tor  must  be  edded  to  500  m\/0f  1-75*  Hetl  solution 
to  rodoco  th€  *olerlty  to  1.25*7  j 

A.    200  *1 

C.    700  *1  0.    2300  «l' 

,     What  «uld  bo  tho  molerlty  of  2.0  IKers  of  e  *.0  M  NeCl  solution  ' 
eftor*  800  ml  of  the  solution  is  boilod  off? 

A.    0.15  M  8.    1.67  H 

t.    6.67  H  10  0  H 
» 

y    How  msny  molecules  of  sonny!  slcohol  CHjOH  would  bt  in  1500  ml  of 
e  2.0  H  CHjOM  solution?  ^* 

A.    2.01  »  I023  ooloculos  8.  *-52  ft  I023  molecules 

t\   8.0J„>  lu*T  ooloculos  0  »8.06  *  I023  mIocuIos 

»*       Problems  Sl«  through  ton  deal  -Uh  tho  fol  lowing  bajanced  eooeilon. 
L,2C0J(t)    >   2HN03(M)  >  •  C0a(fl)  ♦  Ha0(|) 

e.    How  men*  gr*«  oV  CO.  would  bo  forMd  fro*  2.0  .Itors  of  a  1 .0  H 
HN03  solution  eoactlng  with  sufflclont  t^COj? 

A.  '31.*  yams  61  0  *rm% 

C.    125.8  grems  2*6.0  |re*s 


« 


What  would  bs  tho  molarity  of  tho  UH0.  solution  formed  whon  73.8  grams 
of  Li2C03  and  750  ml  of  *.0  M  HMO,  ere'mlnodJ 

A.    0.67  H  8.    2.67  H 

C-5.33H        ^     ^  0.    7.11  H 

How  many  molas  of  H,0  would  ba  for*od  whon  1.5  1 1  tars  of  3.0  M  HN0, 
raacts  with  sufficient  L^CO^t 

A*.    8.0  grems  /         8.    18.0  grams 

C.    *0£gr*ms  °*    162  0  *fm* 

How^any  lliars  of  CO  .  measured  at  ST».  would  ba  formod  from  200  ml 
of  *  8.0  H  HMOj  solution  reacting  with  .uffitient  LI?C0j? 

A      17  )  Mtef*  8      2B.0  l«t«i* 


C 


71  ;  l.teis  t       8.    **8.0  l.rcr< 


what  xoulJ  ba,  the  molarity  of  tha  HH0«  that  rented  -Uh  sufficient 
LI  CO    to  produce  5*  0  grams  of         1  if  the  solution  had  a 
volume1  of  1.5  I»tafs7 

A.    0.2S  H  8.    0.**  H 

C.   .1  00  H  0.    *.00  H 
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Item  Analysis  for  Molarity 
Immediate  and  Delayed  Posttest 


Response  Percentage 


Measure< 

■Item 

A 

B 

C 

D 

Blank 

Quiz  1 

1 

.7 

94.7* 

.6 

.7 

0 

Quiz  1 

2 

4.2 

3.8 

76.1* 

12.2 

.4 

Quiz  1 

3 

17.5 

65.2* 

4.0 

9.3 

.9 

Quiz  1 

4 

83.2* 

6.6 

4.0 

2.4 

.6 

Quiz  1 

5 

^  A  A 

14.8 

51.6* 

20.3 

8.4 

1.6 

QUIZ  L 

1 

9.3 

f  A 

0 .4 

3.8 

•77    r  * 

73.5* 

.4 

QUIZ  Z 

Z 

1.5 

A  A 

4.4 

59.7* 

27.9 

u 

QUIZ  Z 

3 

7.3 

69 .9* 

4.7 

10.0 

1.6 

QUIZ  Z 

4 

6.0 

6.8 

68.4* 

11.1 

1.1 

QUIZ  Z 

r 

b 

0  o 
0  .0 

73.2* 

4.9 

4.2 

2.4 

QUIZ  3 

1 

2.9 

65.7* 

12.4 

2.9 

0 

QUIZ  J 

Z 

t  A  Aft 

09.0* 

8.4  . 

4.0 

2.2 

.4 

Quiz  3 

3 

3.7^ 

54.0* 

20.3 

5.7 

.4 

Quiz  3 

4 
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INSTRUCTIONS:    Please  answer  the  following  questions  about  the  instructional  packets. 

1.  When  vqu  were  using  the  proportion  (pink J  packet,  dul  ym  study  ail  of  tin-  steps 
iii  the  sample  problems,  or  did  you  skip  parts  to  finish  more  quickly?  

Comments": 

2.  If  yes,  did  you  do  this  for  all  four  packets,  or  more  so  towards  the  end  of 
the  year?  • 

Comments : 


3,    If  you  used  the  proportion  method,  did  you  find  it  helpful? 
Comments : 


4.    You  were  assigned  the  proportion  packet  in  solving  problems.    Did  you  actually  use 

the  proportion  method?  • 

Comments : 


5.    If  you  used  another  method  instead  of  proportions,  hov;  did  you  learn  the  other 
method?  ,   ,  ,   


o.    If  you  used  the  proportion  method  but  modified  it  some ,  how  did  you  modify  it? 


7.    Did  you  ever  borrow  another  person's  packet  of  a  different  color,  to  learn 
how  to  do  the  problems?  J  . 

S.    What  did  you  like  most  about  using  these  packets? 
Comment  : 


9.    What  did  you  like  least  about  using  these  packets? 
Conrncnts: 


•4. 
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INSTRUCTIONS:    Please  answer  the  following  questions  about  the  instructional  packets. 

*        1.   When  you  were  using  the  factor-label  (yellow)  packet,  did  you  study  all  of  the 

»      steps  in  the  sample  problems  or  did  you  skip  parts  to  finish  more  quickly?  


Comments : 


~f      2.    If  yes,  did  you  do  this  for  all  four  packets,  or  more  so  towards  the  end  of 

the  year?    . 

Comments: 


3.    If  you  used  the  factor-label  method,  did  you  find  it  helpful? 
Comments : 


4.    You  were  assigned  the  factor-label  packet  in  solving  problems.    Did  you  actually 

use  the  factor -label  method?   t 

Conments : 


5.    If  you  used  another  method  instead  of  factor-label r  how-did  you  learn  the  other 
method?    "  


b.    If  you  used  the "factor-label  method  but  modified  it  some,  how  did  you  modify  it? 


7.  Did  you  ever  borrow  another  person's  packet  of  a  different  color,  to  lez  n 
hov.'  to  do  the  problems?  • 

8.  What  did  you  like  most  about  using  these  packets? 
Comments: 


y.    What  Jul  vou  like  least  about  us  my  these  packets7 
Comment 
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SCHOOL    S1U 

TEACHER   

INSTRUCTIONS:    Please  answer  the  following  questions  about  the  instructional  packets. 

1.   When  you  were  using  the  diagram  (green)  packet,  did  you  really  use  the  diagram 

or  did  you  skip  to  the  sample  problems?  . 

Comments: 


2.    If  yes,  did  you  do  this  for  all  four  packets,  or  more  so  towards  the  eiul  of 

the  year?  • 

Comnents : 


3.    If  you  used  the  diagrams,  did  you  find  them  helpful? 
Comment's : 


4.    You  were  assigned  the  diagram  packet  in  solving  problems.   Did  you  actually  use 

the  diagrams?  .   . 

Comnents : 


5.  If  you  used  another  method  instead  of  diagrams,  how  did  you  learn  the  other 
.  method?  =  

6.  If  you  used  the  diagram  method  but  modified  it  some,  how  did  you  modify  it? 


7.  Did  you  ever  borrow  another  person's  packet  of  a  different  color,  to  learn  how 
to  do  the  problems?  ;  . 

8.  What  did  you  like  most  about  using  these  packets? 
Comments : 


9.   What  did  you  like  least  about  using  these  packets? 
Comnents: 


\ 
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TEACHER  ,  

INSTRUCTIONS:    Please  answer  the  following  questions  about  the  instructional  packets. 

1.   When  you  were  using  th^dalogy  (blue)  packet,  did  you  really  use  the' analogies 

or  did  you  skip  to  the  sample  problems?  ^   * 

Conments : 


2.    If  yes,  did  you  do  this  for  all  four  packets,  or  more  so  towards  the  end  of  / 

the  year?  u  • 

Conments: 


3.    If  you  used  the  aijLiogies,  did  you  find  them  helpful' 


Comments 


4.   You  were  assignedVji^Ogy  packet  in solving  problems.   Did  you  actually  use 

the  analogies?  *  '  

Conments : 


5.    If  you  used  another  method  instead  of  analogies,  how  did  you  learn  the  other 
method? !  :  --   — :  —  


6.    If  you  used  the  analogy  method  but  modified  it  some,  how  did  you  modify  it? 


7.  Did  you  ever  borrow  another  person's  packet  of  a  different  color,  to  learn 
how  to  do  the  problems?  *  • 

* 

8.  What  did  you  like  most  about  using  these  packets? 
Comments : 


9.    What  did  you  like  least  about  using  these  packets^ 
Conments : 
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NULLS      TIjAUIIJ^S  caillH. 


lesson  1  -  Mole  as  ^articles 
Prerequisite  skills: 

1.  Students  should  be  able  to  use  scientific  notation  to  represent 
large  and  small  numbers  and  in  simple  mathematical  manipulations. 

2.  Students  should  kne ,  the  difference  between  elements  and  compounds. 
Objectives :  *  *  . 

Upon  completion  of  the  lesson  the  student  should  be  able  to: 

1.  IV fine  the  term  mole  hi  tonus  of  the  number  of  |iarticlcs  of  a  pure 
compound  or  element. 

2.  Calculate  the  number  ul  |Kir!icles  of  a  suhst.uice,  given  the  number 
ol'  mo!evol  the  substance  and  the  correct  chcmital  fonmila. 

3.  Calculate  the  number  of  moles  of  a  substance,  given  tlie  number  of 
particles  and  the  correct  ch«nic^  formula. 

*  « 

*Lesson  2  -  The  ftole  as_  Mass 
Prerequisite  skills; 

1.  Completion  of  first  lesson. 

2.  Sfcidents  should  be  able  to  read  a  table  of  atomic  masses  or  a 
periodic  table. 

3.  Students  should  he  able  to  determine  the  atomic  or  molecular  mass 
ol"  an  element  or  comjKHUid.  (These  shoub!  be  taught  as  a  relative 
weight  not  as  the  weight  ol  one  mole),  f 

inject  ivesf 

Ujxjii  completion  ol  the  lesson  the  student  should  he  able  to: 

1.  Define  the  mole  in  temis  of  the  mass  of  an  element  o£  pure  compound. 

t 

2.  Calculate  the  mass  in  grmas  of  one  mole  of  an  clement  or  confound 
given  the  correct  chemical  formula  and  a  chart  of  atomic  masses. 

3.  Calculate  the  mass  in  grams  of  a  given  nimber  of  moles  of  a  substance, 
g»vcn  the  correct  chemical  formula,  .and  a  chart  of  atomic  masses. 

4.  Calculate  the  number  ol  moles  ol  a  given  mass  of  a  :.ubstanccf  given 
the  correct  chemical  formula,  and  a  chart  of  atomic  masses. 

*Lcsson  3  may  be  used  before  lesson  2 
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Lesson  3  -  llw  Mole  as  Volune 

Prerequisite  skills:   same  as  first  lesson. 

Objectives:  t  . 

•   Upon  completion  of  the  lesson  the  student  should  be  able  to: 

I.    Ik'Tim*  tlijti  Iciih  bkiIc  in  trims  of  the  voIii,ik*  »f  ;iu  ideal  gas  at  SIP. 

L.    Calculate  Uk<  volume*  ul  an  idea  J  gas  at  SIT,  given  tlie  iiioi4>cr  ol 
moles  oJ"  the  gas. 

3.    Calculate  the  nioles  oi"  an  ideal  gas  given  C*r  volume  at  STP. 

Lesson  4  -  Combination  Problems 

lYcrequisite  skills:    same  as  first  three  lessons  with  addition  of 
successful  completion  of  the  objectives  of  the  first  three  lessons. 

Objectives :  ^ 

Upon  completion  of  the  lesson  the  student  should  be  a£>le  to: 

1.    Given  the  correct  chemical  formula,  a  table  of  atomic  masses, 
and  any  one  of  the  following  cliaracteristics,  calculate  any  of 
the  other  cliaracteristics;   mass  in  grams,  moles,  particles, 
and  volume  at  SIT  if  the  substance  is  a  gas. 
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TEACHER'S  GUIDE— GAS  LAWS' 

Lesson  1—  Pressure  and  Voltime  (Boyle's  Law) 
Prerequisite  ski  lis:. 

1,  Students  should  know  that  gases  are  composed  o'  atoms  or  molecules  tfciat  act 
as  independent  particles.  t| 

•  v 

2.  Students  should  know  in  a  qualitative  way  that  as  the  pressure  of  a  gas' 
increases,  the  volume  decreases,  '  * 

Objectives:    Upon  completion  of  the  l.esson,  the  stbdent  should  t?e  able  to: 

1.  Predict  the  effect  on  <r  sample  of  gas  if  a  volume  or  pressure  change  is  made 
on  th*  gas  at  constant  temperature  ■  »^ 

2.  Calculate  the  new  volume  of  a  gas  given  fetjChange  in  pressure  at  constant 
temperature.* 

I  X  * 

3*    Calculate  the  newN^ressure  of  a  gas  given  a  change  in  volume  at  constant 

*  temperature.  * 

»    *  *  "% 

s  •  - 

-Lesson  2— Volume  and  Temperature  v (Char le 's  Law) 

v  /    •  ' 

2      Prerequisite  skill'.:    Sonic  as  Lesson  \  J  plus : 

1.  Convert  a  temperature  in  degrees  Celsius  to  degfces  Kelvin  and  vice  versa. 

2.  'Students  should  know  in  a  qualitative  way  that  as  the  temperature  of  a  gas  . 
, increases,  so  does  the  volume.    ^  .  * 

\* *    Objectives:    Upon  completion  of  the  lesson,  the  student  should  be  able  to: 

1.  Predict  the  -effect  on  a  sample  of  gas  if  a  volume  or  temperature  change  is 
^            made  on  the  ga§  at  constant  pressure.  ^ 

2.  Calculate  the  new  volume  of  a -gas  given  a  change  in  Cejsius  temperature  of 

/constant  pressure*  ,  • 

3*    Calculate  the  new  Celsius  temperature  of  a  gas  given  a  change  in  volume  at 
constant  pressure^  g 

Lesson  3 — Combined  Gas  Law 

Prerequisite  skills:    Same  as  Lessons  1  and  2. 

•  »  i  -3 

9 

Objectives:    Upon  completion  of  the  lesson,  the, student  should  be  able  to: 

1.  Predict  the  effect  of  a  change  of  temperature,  pressure,  and  volume  on  a 
sample  of  gas. 

2.  Calculate  the  caw  volume  of  a  gas  given  a  chang^  in  pressure  and  temperature. 

3.  Calculate  the  new  pressure  of  a  gas  given  a  change  in  volume  and  temperature. 

k.    Calculate  the  new  Celsius  temperature  of  a  gas  given  a  change  in  volume  and 
Q  .  pressure.  ^  1 
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LESSON  1:    Particles-Particles,  Moles-Moles,  Volume-Volume 
Prerequisite  Skills^-  "  ^ 

1.    Students  should  have  completed  the  unit  on  mo'e^s. 

•  2.'  Students  shouldjbe  able  to  balance  simple  chemical  equations  given 

the  readtanct  and  products. 

Objectives:    After  completion  of  the  lesson  the  stO^ent  should  be  able  to: 

1.  Calculate  the  number  of  particles  prcduced  cr  which  react  when  given  a 
balanced  chenjical  equation  and  the  number  of  particles  that  react  or 
Me  produced.  t  ,  v 

»  « 

2;    Calculate  the  moles  produced  or  which  react  when  given  a  balanced 

chemical  equation  and  the  number  of  motes  that  react  or  are  produced. 

*  *  *  ¥  '  ^ 

3«    Calculate  the  volume  at'STP  of  gaseous  products  or  feactants  given  a 
balanced  chcmicul  equation  and  the  gaseous  volume  of  either-  the  re- 
actants  or  products.  < 

« 

.  :  J  '  .  '  •  • 

LESSON  2:  '  Mass-Mass,  Mass-Volume,  Mass-PafVicles  -  , 

#  i 

c  , 

Prerequisite  Ski  1  Is  : 

9 

I •    Same  as  day  one. 

2. "   Lessoh  I  of  this  unit.  * 

Objectives:  .After  completion  of  the  lesson  the  student  should  be  able  to: 

I.    Calculate  the^moles,  gaseous  volume,  or  number  pf  particles  of  a  chem- 
ical reaction  given  a  balanced  chemical  equation,  and  the  mass  of  either 
a  reactant  or  product.  .  * 


LESSON  3:    Volume-Mass,  Volume-Volume,  Volume-Particles' 
Prerequisite  Skills: 

1 .  Same  as  day  one. 

2.  lesson  2  of  this  unit. 
Objectives: 

I.    Calculate  the  mass,  gaseous  volume,  or  number  of  particles"  in  a  chemical 
reaction  given  a  balanced  equation  and  the  gaseous  volume  of  either  on 
reactants  or  products.  £  T  ^ 

*  -  1  too 
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♦  Quizzes  and  Test 


Lesson  1 
V.  C 
2. 

.3-  0 
k.  0 


'.V 


Lesson  2 
I.C. 

I.  c 

3.  A 

Lesson  3 

1.  c 

2.  P 

3.  C  ' 
k.  0 
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T.  B 

2.  0 

3.  0 
«U  C 

5.  '  B 

6.  B 
7-  0 

8.  B 

9.  A 
10.  A 
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MOLARITY  -  TEACHER'S  GUIDE 

■v 

LESSON  ONE:    BASIC  MOLARITY  CALCULATIONS 
Prerequisite  Sk ills: 

1.  Student  should  be  able  to  convert  milliliters  to  liters  and 
vice  versa.  •  f 

2.  Student  should  be  able  to  define  the  terms:    solute,  solvent 
and  solution. 


Objectives:.  s 

*  y  r        \  • 

\ 

The  student^  should0  oe  able  to: 

1.  Calculate  the  molarity  given  the  moles  of  solute  and  volume 
of  soltft  ion. 

2.  Calculate  the  molarity  given  the  mass  of  solute  and  volume  of 
solu t  ion . 

3.  Calculate  the  moles  of  solute  given  the  rrolarity  and  volume  of 
solut  ion,  , 

*i .    f.. ill. ul.it  r  i  In-  in.iv.  of  '.ohiir  «|ivrn  I  lu*  itml.irity  .inti  volumr  of 
solut  ion.  0 

b.    Calculate  the  volume  of  solution  containing  a  specific  ma^s  of 
.solute  given  the  molarity.  ^ 

LESSON  TWO:    D+tUTlON  AND  CONCENTRATION  PROBLEMS 
Prerequisite  Skills: 
1.    Same  as  Lesson  One. 
Z.    Completion  of  Lesson  One. 
Objectives:  ' 
The  student  should  be  able  to: 

1.  Calculate  the  new  molarity  when  a  solution  of  known  molarity  is 
diluted  with^a  given  volume  of  water. 

2.  Calculate  the  volume  of  water  that  must  be  added  to  a  solution 
of  known  molarity  to  produce  a  solution  of  desired  molarity. 
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3.    Calculate  the  new  molarity  when  a  solution  of  known  molarity 
is  concentrated  by  boiling  off  a  given  volume  of  wajer . 

i\m     Calculate  the  volume  of  wiitcr  lluit  must  be  boiled  off  fnxii  a 
solution  uf  known  molarity  to  produce  a  solution  of  desired 
molarity. 

LESSON  THREE:    MOLARITY  AND  STO.ICHIOMCTRY 
Prerequisi  te  Ski  lis: 
*     I.    Sames  as  Lessons  One  and  Two. ^ 

2.    Completion  of  Stoichiometry  Lessons. 
Objectives :  ^ 

The  student  should  be  able  to:^  * 

a    1.    Calculate  the  moles  or  mass  of  a  reactant  or  product  given  the 
chemical  reaction,  molarity  and  volume  of  one  of  the  reactants 
or  products . 

2.    Calculate  the  molarity  of  a  reactant  or  product  solution  ^jiven 
the  chemical  reaction,   initial   reactant  or  product  molarity, 
initial  volume  and  linal  volume  o\  solution. 

Calculate  the  volume  of  gas  produced  in  a  chemical  reaction, 
at  STP,  given  the  chemical  reaction,  reactant  molarity  and 
reactant  volume. 
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MOLARITY  -  QUIZ  AND  TEST  KEY 

LESSON  I  LESSON 
».    B  |.  B 

2.    C  2.  A 


3.  8 

i  * 

3-  B 

*•  A 

<• 

*4.  A 

- 

5-  B 

LESSON  1 1 

~TEST 

1  rv 

1 .  D 

1 .  B 

2.  C 

2.  A 

3  .  B 

3-  A 

l*.  C 

k.  C 

!>.  B 

t 

.    5.  D 

6.  B 

7.  B 

8.  C 

9-  A 

10.  D 
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AIM'IINDIX  ('. 

StLKlent  Sniunmry  Sheets 

Moles  524 

Gas  Laws  528 

Stoichiometry  S32 

Molarity  536 


REVEIW  SHEET  ON  MOLES 


Think  of  an  analogy  when  solving  a  problem: 

Compare  number  of  particles  in  adozen  to  that  of  a  mole. 
Compare  volume  of  a  dozen  to  volume  of  a  mole. 
Compare  mass  of  a  dozen  to  mass  of  a  mole, 

eg.  1  dozen  -  12  objects  1  mole  -  6,02  x  102*  particles 

1  dozen  ■  3  cu.  ft,  I  mole  •  22,4  liters  * 

1  dozen  oranges  ~^a  different  4  mole  ■  at,  wt,  or  mole,  wt.  In  grams 
mass  than  I  dozen  lemons 
eg.  What  is  the  volume  of  5  dozen  oranges  if  the  volume  of  I  dozen  -  3  cu.  ft. 

5  dp*€n  oranges  x  3  cu.  ft.    ■  15  cu,  ft,  oranges 

Remember :     1  mule  -  22,4  I  and  I  mole  -  6.02  x  102*  |*irl  It  leu,  ' 


Problem:    How  many  liters  of  CO2  do  5  moles  occupy? 
Solution: 

1.  Compare  this  to  volume  of  a  number  of  dozen. 

2.  Set  up  problem  using  analogy. 

5  dozen  x  )  cu.  ft.    ■  15  cu.  ft. 
I  dozen 

3.  Substitute  chemicals. 

5  moles  C02  x  22. k  I  ■  112.0  1  C02 
1  mole 

Problem:    What  Is  the  ma~^  of  3*01  x  lO2^  molecules  of  C02? 

Note:    Because  moles  are  not  given,  this  Is  a  two  step  problem. 

I.    Compare  to  mass  and  particles  in  a  dozen. 

3.600  particles  ■  300  dozen  3.01  x  102*  molecules  C02  ■  15  mole  C02 
12  partlchs/dozen  6.02  x  10^3  molecules/mole 
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REVIEW  SHEET  ON  MOLES 


When  given  a  relationship,  factors  can  be  set  up.    Set  up  the  factor 
so  the  uni  ts  cancel • 

12  in,    or  I  ft. 

eg.  12  in.  -  1  fl .  factor 

I  ft.  12  in. 

How  many  in.  ore  there  in  100  ft.? 

100  ft.  x  appropriate  factor  so  units  cancel  , 

100  U.  x  12  in.    =  1200  ft. 
1  f*. 

Remember:    Relationship  Factor 

1  mole  «  22. *♦  1  *  1  mole    pr  22JM_ 

22, k  1         1  mole 
1  mole  ■*  6.02  x  1023  particles  * 

*  *  \ 

1  mole  or 

6.02  x  10^  partjcles 

6,02  x  IP23  part  ides 
1  mole 


Problem:    How  many  liters  of  C0£  do  5  moles  occupy? 

1.    Write  down  the  original  relationship  &  multiply  by  factor.    Cancel  units. 

5  mj>Ws  CO2  x  22jfi  1    -  112.0  I  C02 
1  roertc 

Problem:    What  is  the  mass  of  3.01  x  1023  molecules  of  C02? 

1.  Write  down  first  relationship  converting  to  moles, 

3.01  x  1023  mol^dfles  CO2  x   1  mole  -  .50  moles  C02 

6.02  x  1023  moUctUes 

2.  Use  answer  obtained  in  step  1  for  step  2  using  new  factor. 

.50  mole  C02  x  Ml  g   »  22  g  C02 
1  .iicle 
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REVIEW  SHEET  ON  HOLES 


Set  up  problem  so  that  unknown  ts  In  upper  left  of  proportion,  and 

other  values  are  placed  in  correct  places  according  to  units. 

eg*    If  3  pencils  cost  15<,  what  is  the  cost  of  10  pencils? 

x  (cost)    «  \5t  Remember: 
10  pencils       3  pencil* 

1  mole  -  22.4  I 

1  mole  *  6.02  x  I023  particles 


Problem:    How  many  liters  of  C02  do  5  moles  occupy? 

1,  Set  up  proportion. 

x        -  22.k  f 
5  moles       I  mole 

2.  Cross  multiply  £  solve. 

X  •  1  mole    -  5  moles  •  22.4  1 

» 

x    -  112.0  I 

Problem:    What  ts  the  mass  of  3*01  x  1 0^3  molecules  of  C02? 

1.  Note  that  tMs  is  a  two-step  problem  because  moles  are  not  given. 

2.  Set  up  first  proportion  by  changing  to  mole3,  cross  multiply,  and  solve. 

x  •  I  mole  

3-01  x  10^  molecules  C02       6.02  x  10*3  molecules 

X  •  6.02  x  1023  molecules    »  I  mole  •  3.01  x  10*3  molecules  C02 

x  •  1  mole  »  3.01  x  102*  molecules  CO2     •  .50  mole  CO2 
6.02  x  Fo"  molecules 

3.  Set  up  second  proportion  using  answer  from  the  first.    Cross  multiply 
and  solve* 

x  -  kk  9 

.50  mole  C02  TTSoTe" 

X  •  I  moie  «  hh  g  *  .50  mole  CO2 

x  -  kk  g  «  .50  mole    «  22  g  CO2 
1  mole 

ERIC  59^ 
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A 


X  22.4  Utm/tooU 


Mam 


X  r—- 
Atomic 


Molecular 


-r  22.4  littTS/MU 


A 


X  6.02  x  1023  particlttMU 


*6.Q2  x  1023  perticlt*/«>U 


Particles 
A 


Problem:    How  many  liters  or  CO2  do  5  moles  occupy? 
Solution: 

1,  Locate  moles  and  volume  on  chart. 

lM  Use  relet ionshlpJor  volume* 

3.  Set  up  problem. 

5  mj^s  C02  x  22.fr  1    -  112.0  1  C02 

Problem;    What *s  the  mass  of 1.01  x  102*  molecules  of  CO27 

K.    Locate  molecules  and  mass  on  chart;  — 

2;   Mote  two  relationships  that  must  be  used. 

3.    Set  up  problem  In  two  steps. 

3.01  x  10*3  ffloigptfes  CO2     *  .5  mole  C02 

6*02  x  102^  mol*etfles/mole 

.5  mole  C02  x  (12  +  32)g  C02     -  ?2g  C02 
I  mole  C02 


1 

i 
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REVIEW  SHEET  ON  CAS  LAWS 

Think  of  an  analogy  or  example  when  solving  a  problem.  The  balloon 
example  is  particularly  good  when  thinking  about  gases. 

Ex amp 1 e : 

The  balloon  below  is  being  cooled  and  the  pressure  on  it  is  being 
increased.    What  s  hoi)  Id  happen  to  the  volume? 


In  gas  law  problems  you  must  determine  if  the  relationship  is  direct\gr_ 
inverse.    (Pressure-Temperature  "direct;  Pressure-Volume  -  inverse). 

If  direct,  set  up  so  that  an  increase  in  one  variable  produces  an  in* 
crease  in  the  other,  and  vice-versa. 

If  inverse,  set  up  so  that  an  increase  in  one  variable  produces  a1de- 
crease  in  the  other,  and  vice-versa. 


Problem: 

If  500  ml  of  a  gas  at  27°C  and  1000  mm  Hg  !s  cooled  to  -I27°C  and  sub- 
jected to  a  pressure  of  2000  mm  Hg,  what  would  be  the  new  volume? 


Solution: 

1.  Determine  the  change  in  the  variables* 

Temperature    27°C-»-127°C     or   273°  ♦  27°K  -^273°*  H27°) 

or         300°K   -7  tW°K 

2.  Think  of  the  example  above  to  predict  the  new  volume  for  each  of  the 
factors. 

Set  up  the  factors  so  as  to  increase  or  decrease  the  volume  appropri- 
ately, and  do  arithmetic. 


9 

ERLC 


ml  x  l*»6°K 

he  temperature  decreases 

wMth  causes  a  decrease 
In  volume. 


x  1000  mm  Hg 

) 2000  mm  Hq         ^  *  * 
/  The  pressure  increase*.  which\ 
^  causes  it  decrease  ifl  volume./ 


122  ml 
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REVIEW  SHEET  ON  GAS  LAWS 

3 

f  ^ 

When  given  a  relat  ionship,  factors  c.m  be  mm  up.    Set  »m>  the  factor  so 
that  the  unit;*  cancel, 

# 

e.q.  12  In.  -  I  ft.  factor  12  in.,  or    1  ft. 

1  ft.        12  in.  ^ 

How  many  inches  are  there  in  100  ft.? 

100  ft.  x  appropriate  factor  so  units  cancel. 
100  l*.  x  12  in.    *  1200  ft. 

TJC. 

In  gas  law  problems  you  must  determine  if  the  relationship  is  direct  or 
inverse.     (Pressure-Temperature  =  direct;  Pressure-Volume  =  inverse). 

If  direct,  set  up  so  that  an  increase  in  one  variable  produces  an  in-  < 
crease  In  the  other,  and  vice-versa. 

If  Inverse,  set  up  so  that  an  increase  in  one  variable  produces  a  de- 
crease in  the  other,  and  vice-versa. 


Problem:  A     »  .    *  a 

If  500  ml  of  a  gas  at  27°C  and  1000  mm  Hg  is  heated  to  127°C  and  subjected 

to  a  pressure  of  2000  mm  Hgf  what  Would  be  the^new  volume? 


Solut ion: 

1.  '  Oetermine  the  change  in  the  variables. 

•Temperature  27°C  ^  127°C  or  273°  ♦  27°  -#273°  ♦  1>7° 

300OK  ->  *$0Q°K 

Pressure  1000  mm  Hg  -j  2000  mm,  Hg 

2.  Set  up  factors,  so  as  to  Increase  or  decrease  volume  appropriately  and 
do  arithmetic. 

/ 

500  ml  jtOOQK  x  1000  row-fly  «  333  ml 

X    3T)0°K  2000  mm -fly 

/Temperature  increases  so  \   /Pressure  increases  so 
/  volume  increases  (direct)  j  / volume  decreases  (inverse) 
I  larger  temperature  on  top. J  I  so  smallest  pressure  on  top. 
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REVIEW  SHEET  ON  GAS  LAWS 


Set  up  the  problem  so  that  you  work  with  a  proportion. 

e.q.      f  3  pencils  cost  15c,  what  Is  the  cost  of  10  pencils? 

x  (tost)     -        fSc  * 
1 0  penc lis       3  penc  i 1 s 

3x  -  I5C  •  10 
3x  -  150c 
x  -  50c 


Because  volume  is  directly  related  to  temperature  and  inversely  related  to 
pressure,  the  following  equation  can  be  u*ed  to  Solve  problem*  involving 
volume,  pressure,  and  temperature.  _ 


Problem; 

If  500  ml  of  a  gas  at  27°C  and  1000  mm  Hg  is  heated  to  127°C  and  subjected 
to  a  pressure  of  ,2000  mm  Hg,  what  would  its  new  volume  be? 

* 

Solution: 

1.    Writs  formula  PjVj  -  P2V2  •        *  y 


'Tl      •  T2 


2.    Substitute  values  In  the  equation. 


(1000  mm  Hg)  (500  ml)  -  (2000  mm  Hg)  (V2) 
J  (27  +  l?3dK)   (127?  2?W) 


3.    Solve  by  cross  multiplication: 

L.        (1000  mm  Hg)  (500  ml)  (l»00°l0    -  (2000  mm  Hg)  (300°K)  (V2) 


ngegjafcjfi)  (500  mi)  (jggjfl 

(2OW  np^Hg)  (3009K) , 


1 


333  ml  -  1000  ml-  V2 
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*m  l»  fiwf 


\ 

tol  «*•  rati*  «f 

ft*  !•**  1 

f«l>M  fey 
five*  v«rt*it 
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Problem: 

If  500  ml  of  a  gat  at  27°C  and  1000  mm  Hg  It  haatad  to  I27°C  and  subjactad 
to  a  prasture  of  2000  mm  Hg,  what  would  tha  naw  voluma  ba? 

Solution: 

1.  Nota  what  is  glvan:   Voluma:    500  ml  • 

Tamparatura:    27°C  -  I27°C 
tmtoft    1000  mm  Hg  -  2.000  mm  Hg 

2,  Nota  what  you  or  a  cat cual ting:   Now  voluma. 

3*    Nota  how  ona  bthar  yar labia  changas:   Tamparatura  incraasas, 
~k.    Nota  what  this  doas  to  voluma:   dlract  bo  tncraasas 
,  5.    Sat  up  ratio  to  incraata  -  largait  numbar  on  top. 


■  wm-m  ■ 

6.  Only  ona  ratio  satmp,  to  now  aat  up  tha  othar  ratio. 

7.  Nota  that  tha  othar  var labia,  prassura,'  incraasas, 

8.  Hotf  what  this  doas  to  voluma:    Invarta  so  dacraasas. 

9.  Sat  up  ratio  to  dacraisa  -  smallast  numbar  on  top, 

1000  mm  Hg 
SBB5  mm  Hg 
10.   Work  out  p rob I am. 


r 


500  ml  x  WpQtfx  IQQOjgljg  • 


333  ml 
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REVIEW  SHEET  ON  STOICHIOMETRY 


1M 
Mttf 

Mm* 


fault  Ir* 
A 
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'Problem: 

HawSnany  grams  of  H2O  will  be  produced  when  32.0  grams  of  CHi,  reacts  with 
excess  0j  according  to  the  reaction:  * 

CH^  (g)    ♦   2  02  (g)-  ^C02  (g)    ♦   2  H?0  (fJ).    Atomic  masses; 

O  12.0,    R»  1.0,    0-  15.0. 

Solution: 

1.  ;  Find  mole*  CH*:    32.0  grjfes  Cjfr   -   2,0  moles  CM* 

16.0  gr^tns/mole 

2.  Find  moles  H2O:    2.0  imjjfcs  Cfa    x    2  moles  foO   ■   4.0  moles  H2O 

I  m^fe 

3*    rind  grams  M2O:    4.0  myfes  HpOx  18.0  grams    *   72.0  grams  H2P 

*  '    I.  tnprf  e 

Problem: 

How  many  molecules  of  CO2  would  be  found  4f.  100.8  liters  of  02  (measured 
at  STP)  reacted  with  excess  Cty  by  the  above  reaction. 

Solution  using  moles-moles  method: 

1.  Find  moles  O2:    100.8  liters  02     •   4.5  moles  O2 

22.4  liters/mote 

2.  Find  moles  CO2:    4.5  mol^Oi    *    1  mole  C0g   ■   2.25  moles  CO2 

2  molA*^0J 

3#    Find  molecules  C02:    2.25  motis  CO2   *    6.02  x  10*3  molecules  - 

1  mH 

13*5  x  1023  multicules  CO2 


G00 


REVIEW  SHIFT  OH  STOICtf IOH|T*Y  _   

think  of  an  analogy  whan  solving  •  pro* tarn: 

Cow  pari  numbar  of  partlclas  In  •  doxan  lo^hit  of  •  molt. 
Compara  yoluma  of  •  dottn  to  voluma  of  •  molt* 
Compart  most  of  •  doxan  to  matt  of  •  mola. 

Compart  "trading  ralat  lonshlps11  to  balancad  aquation  coaff Iclants. 
I  doxan    -   12  ^ujacta  l  «o1a    -  6.20  x  10*3  partlclas 

1  doxan   •  3  cu.  ft.  1  mola   -   22.%  Mtars 

I  do*to  orangas*    •    a  dlffarant      I  mola    -   at.  wt.  oi  mola.  wt.  In  gram* 
mass  than  I  doitn  Umons 


ag. .      Wh«t  If  tha  *oluma  of  5  doian  orangas  If  tha  voluma  of  1  do«an    •   3  cm.  ft. 7 

'  S  doian  orangas   x    }  cu.  ft.      •    15  cu.  ft.  orangas 
r  doxan  ^ 

■r:    1  mole    -   22.*  1  ond  I  mola    -  6.02  x  !02*  partlclas. 


Problam: 


How  many  graaw  .of  HjO  w»  11  ba  producad  whan  32.0  grams  of  CH*  raacts  with 
•xcass  02  according  to  tha  reaction:' 

CHq  U)    ♦    2  02  («)   >C02  (g)    f    2Hj0  (g).    Atomic  massas; 

-  C  •  fl'o,   H  -  T.d;   0  •  16.0. 

This  problam  Is  slmBaV  to  tha  situation  In  which  at  radar  want*  to.ljnow 
howWy  grama  of  prang**  na/sha  can  obtain  for  2*00  grama  of  lamons  If  ha/sha 
knows  that  I  dotan  lamons'«»Y  ba  tradad  for  2  doxpn  orangas  and^ha  waists  of 
a  dotan"  lamons  and  orangas  ara  1200  and  1500  graa»  Vaspact Ival y . 

S0LUTI0HS  » 

-  1   / 

Fruit  t»ampla  r  v*  Chamritry  ExampU  ' 

J    '        -  * 

I.    iMg  OS**  llffi  -  2  *>x.  32.0  yearns  CHfc  -  2.0  molts  CMq 

IIU  gcaW&Mfi  frrgSaTmoTa 

2<   2  dox.  Ma^dhs  x  2  francos  2.0  mo>*i  S*k  *  2  ^'gLj&S     "        mo,i*  H20< 

I  lga«n  rmpJ*  ^ 

•    %  dox^  ownqas 

3.    g  dof.  oranoas  x  jjOO  flrw  -    4.0  moll  Hrt'x  18.0  gromslf  72.0  grams  H20  > 


-   4000  grams  orangas 

Problomi  4 

how^ajany  molaculas  of  C02  would  ba  formod  If  100.8  HtaYs  of  02  ("*«»urad 
at  STP)  raactad  with  axcass  CH*  by  tha  abova  Taactton.  <■ 

This  problam  Is  similar  to  tha  situation  In  which  a  tradar  wants  to  know 
hcdVmany  Individual  orangas  ha/sha  can  obtain  for  *  pints  of  lamons  It  3  pl"t» 
of  fruit  ara  tqual  to  ona  doxtfh. 

SQIUTIOHS 

fruit  Cxampla  •  Chemistry  Exampla 

,.    9  pj,  lamons  -  J  lamnn*  100.8  1U4M  Ol^.b  molas  02 

f  jS./ooxT  .  fTq  njtkTi/moTa 

2.  J  dox.  iqjaffs  *  2  orangas  mo>ai*f  x  I  «glt^C0|   -  2.25  *©»as  C02 

■   6  dox.  oranqas 

3.  6  do*,  orangas  x    12  2.25  *or<?  C02  x  6.02  x  10|3  ^olaculas 

T77  •  '  *"»*• 

-  72oran*as    5  ^  .  -  1 3.5  x  I0«  molacule*  C02 


? 
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Witt  SHUT  ON  STOICHIOHIW 


Sat  up  problam  so* that  unknown  It  in  uppar  laft  of  proportion,  and  othar 
*  •  i 

valuat  art  placad  In  correct  ptacas  according  tr>  units.. 

ag.    If  3  panel  I »*  cost  15c  whatvis  th^cott  of  10  pencils? 


lO^oncils  *      3  panflls    *  *sx**l*r: 


I  m! 


it   -  22. 


k  I 


^  \  I  J  <aola  •    a.qj  x  10*3  partlclat 

ir  to  uta  tha  baiancad  aauatloe  confidants  to  tat  up  proportions  whan 
convartlng  from  mnlat  *  to  molas  y. 

P  rob  I  mi  :  m  * 

How  Many  grama  of  H20  will  ba  pAxJucad  whan  32.0  gramt  of  CH^  raacts  with 
t«r,»tt  Oj^tcorrflnf  r*  thaa  raact  lant 

CM^  (q)    ♦    7  Oj  <0)   *»cOg*  (g)    ♦    2  H]0  („).    AtomU  mattattx 

C^-    12.0,    H  •  iT6.    0  -  16.0.  w 

Solution:  > 

I.    rind  molat  CH*  from  frams:  n  -     I  mpjj 

•/       32*b  grams  ck*        16, A  grams 


00  0*-0  grama)  -  (32.0  otams  CH^)  (I  mola) 

*  -  (32.0  drama  CHj  ,(t/mola)      -   2.0  molts  CH. 

i  la.O  gram*}-     7  * 

J.    find  molat  H2&  fcwi  aquation:         x,        i   -   2  molat  HaO 

+     2.T>  tsoias  cida      ,  w|| 

(a)  (I  mola  c^i)    •  ,  (2.0  molat  CH*)  (2  milt  H2*) 

x  •    (2.0  milts  CM*)  (a       t  HaO?       **0  molat  H20 

 /  l.fl^Us  ^   * 

3.    find  grams  -H»0  from  mo  las :  *   »    Ife.Q  a  rams 

;.(}  molas  Hall  FmoTT  

in)  (I  mola)        (s.O  molat  H^p)  (16.0  grama)  p 

*  "  *****  H^O)  (H.O  grama)  *~   72.0  grams  HjO 

(I  pHa) 

Prpilam: 

Now  many  molaculat  of  C0f  would  ba  formad  If  100.8  lltart  pf  0a  (maaturad 
*at  STP)  Mac  tad  with  axcats  CN*  by  tha  abovas  reaction.  0 

Solution : 

I.    find  molat  0j  from  J  Iters:      _   *  n  •     I  mola 

.    .  TWrTTFtarT  jnTTTi 


tart 


(a)  (22.*  lltart)    •   (I&0.8  lltart)  (t  mola) 
n  •    n00|}2i;jfffir{j  «°U)    "  *>5«olasOa 

2.  Find  molat  C0j  from  equation:  *  •   I  mola  C0| 

4.5  molat  0a       :  J611I  0| 

U)  (2  molat  02)    •    (<».$'  molas  02>  (I  mola  C02)  ' 

^«^*»    (».S  mpita  dp  (I  mola  C0a)     -   2 .25  molas  C0a 
^  (2  m>Ul  5JJ 

3.  Find  n«l»culas  CO2  f^«»  mo  Us:         *  -   4t02  a  10^  molaculat 

2.29  Sales  CO2  i  mola 

{*)  (I  wtU)         \l.?r>  .nolen  t0j>  «.,02  »  I0a*  mnlnculas) 
•  (1  mnV) 


♦602 


i 
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hi  vii  w  mil 

Wh.»o   ill'i   I  '-Id'  i«.r  ji"  1 1»,    I  ii  I 

so  the  <«n  its  .  aii'  . 

eq.     14   m.     ~     )  f. 


I. .n  MinMt    I  f 


"1  77" 


Mow  mail  y  in,  iii*  th»,«|p£.i  p  !'!«•  I  .7 

100  fi,  x  appropriate  fici^i  *^  mi  Si-.  ».anuH 
I0O  ft.  *  12  in,    -    1200  tt. 

T"  rr 


H  #memh*i  .    1*  I  it  ioi.*-hip 
I  <nole         22.V  I 


I  m.  |» 


6.0*  a  ID71  pat  i  I 


I  inn  1 c    •!»  2^ » *t  _  I 
iTTT  I  I  mole 


I  mule  _ 


i  .as     UJ  !_ij,:!t.,.H  A* 


RemewK*!  l  »»'•♦  ili  li.il.Mired  ei|tiai  i«»i  nel 
<  -invert  ifui  f»  »»i  if»» I    •  '  »i>  (moIc*.  v 


•  .     |<l       Ml       l|>    I  ,1'  I  III  ^h-MI 


Problem: 

How  man/  ^rar.s  of  H?U  wt  Ik  be  j\.'*hjrp*J  ,*hc.i  V.O  c^rjirs  «it  UU,  iw's  with 
excess  Oj  nei  ordinq  t-^  the  I  ejection" 


CH, 


♦    2  A    /  . 


■4 

C  »  12.0.    H  -  1.0,    0  -  16.0. 


*  Solution: 

1,  l>*t  up  mole*/g,r*in  IHI»  Tictoi  :        1  mo  I  e 

1 6. 0  gia*is 

2.  Set  up  mole*    ro»equetinn  factor:    2  molts  H2O 


2  moitiHju 
I  Wle  IH*~ 


3.    S#»t  up  qi  .yns/mole  H2O  raptor*     18. 0  grimi 

I  iiiula 


k>     H<iJ  itplyimt  fictorx  hy  ijivjn  ituantity- 

i 


W.O  .jiaifln  IH*    *        I  wy U        *    /  n)»*f '•»  t*^>    "     Id  U  iiraffl% 


72.0  .|r*»nn 


Problem: 

How  many  molecule*  of  CO2  would  be  found  it  100.8  l»r*'«  of  G2  (measured 
at  STP)  reacted  *lth  ences*  CHJ»  by  the  above  reaction. 


s  >|ur  1  i>n  . 


,•1  up  mo!**'  / 1  ■  tu  ->  ilj  Kit  tot    '     I  mole  ^ 

?  JTVTITi-i  • 


2.  Set  up  mole,  from  equation  factor:     I  mole  IO2 

2  mo1*s  02 

3.  Set  up  mo1<»cu!es/mole  CO2  factor:    6.02  x  molecules 

1  53 1  e 


o 

ERIC 


k.     Ht'ltiply  factors  by  gi /e>i  quantity: 


r00.8  liters  9}    x    Jmojj  x    1  mptti  CO^         6.02  xlO2^  mole  ules 

ZTTTiTei  r         2  wiles  0|      ^  1  m^ 
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Period  or  small  group:  _______ 

Please  answer  the  following  questions  by  circling  the  correct  answer. 

In  order  to  get  full  credit  for  question  five,  you  must  show  your  work* 

Remember  to  set  up  factors  whenever  possible  to  help  solve  the  problems. 

Example:    A  jet  can  travel  500  miles  per  hour,  how  many  hours  would  a 
trip  of  254P  mites  take? 

2500  x  I  hour        ■    5  hours 

500  mj>«s 


1.  What  would  br  the  molarity  of  <i  solution  mode  by  boiling  off  500  ml 
of  wdk-r   from  ?*jiH)  ril  oi  «i  2.0  M  NuCI  solution? 

A,    0.**0  M  6.     0.625  M 

C.     1.67  M  D.    2.50  M 

2.  What  would  be  the  molarity  of  a  solution  made  by  adding  1.0  liter 
of  water  to  ?.0  liters  of  a  3.0  M  NaCI  solution? 

A.    0.22  M  B.    0.50  M 

C.    2.0  M  D.    6.0  M 

3.  How  many  milliliters  of  water  must  be  added  to  750  ml  of  a  1.25  H  NaCI 
solution  to  reduce  the  molarity  to  0.50  M? 

A.    217  ml  6.     1125  ml 

I.    2L>83  ml  D.    2625  ml 

Wh.it  would  hr  the  molarity  of  a  solution  made  by  oddinq  850  ml  of 
w,it«i   to  I '•()()  ml  df  .i  ?  .6  M  N.iCI  •.olution? 

A.     0.62  M  B.     0.83  M 

C.     1.62  M  D.     6.62  M 

5.    How  many  milliliters  of  water  must  be  boiled  away  from  1200  ml  of 
1.6  M  NaCI  to  produce  a  2.0  M  NaCI  solution? 

A.     160  ml  B.     2k0  ml  7 

V 

f  .    533  m|  0.     1 160  ml 
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>Imh  Miwor  the  following  euestlons  ey  circling  the  corroct  wwr, 
In  order  to  f«l  full  credit  for  Question  five,  yon  must  show  your  work. 


— — ft 


sas 


ftiestlons  ono  through  four  dcel  with  the  following  eelenced  reectlont 

^  HCl(^)  ♦     Nf(0N)2<H)  ►  ♦  2HjO<|) 

Holcoulcr  HeeeeeiHCI  -  li.fl  «g(0H)2  -  5M  I  *fC«2  *         *  Hl°  *  lf*° 

1.  Nowmeny  moles  of  1u»  chloric  (AgCU)  would  to  produced  when 
2.0  Hurt  of  1,0  H  hydrochloric  ecld  (Mil  reocts  with  •  sufficient 
amount  of  steenetle*  hydrotflde  Mg(0N)2t 

A.      0.5  mole  1 

C.      2.0  nolo!  .0.   e.O  moles 

2.  How  meny  grcm*  of  megncslum  hyerouHe  <H|(0H),)  ere  weeded  'VT*, 
completely  with  500  ml  of  o  1.20  A  hydrochloric  ecld  (NCI)  solution? 

A*      I7.S  erems  70.0  grows 

C.      I*.3  grout  *.  27M  greme 

3.  whet  would  to  the  Miorlty  of  1500ml  of  mogncslwe  chloride  (NgC|2) 
solution  formed  when  1200  ml  of  *  *.0  H  hydrochloric  cold  solution 
reacts  with  sufficient  megneslum  hydromlee  (Hg(0H)2)t 


0.10  M 
3.2  H 


I.  1.4* 
0.    4.*  M 


%.    How  many  moles  of  megncslum  chloride  (HgCl2)  would  bo  produced  whon 
1800  ml  of  0.34  M  hydrochloric  ecld  (NCI)  rcects  with  c  sufficient 
•mount  of  acfftoslu*  hydro*  I  do  Nf(0M)2T 


a.  12  nolo 
1.30  moles 


I.  0.45  mole 
0.    2.50  moles 


5.    Sodium  certonctc  (UejCO*)  will  reect  with  hydiochlorU  odd  (HCI)  to 
form  sodium  chloride  (HeCI),  weter  (HjO)  end  ccrton  dlonlde  (CO.). 
How  meny  liters  of  CO*  (meesured  et  $Tf)  will  to  produced  when  }00  ml 

of  4.0  N  HCI  roects  with  sufficient  NoeCO)?        Aceetloni   Ne2C0)  (,) 

^  .  .....   


♦2  NCI(M)— s*l  *eCIU<j  ♦  ♦  *V(o) 

A.      2.2*  liters  20.2  liters 

C,      7*.7  Mters  ».   22*  liters 
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Period  or  small  group: 


Please  answer  the  following  questions  by  circling  the  correct  answer 

In  ordtr  to  gat  full  credit  for  question  five  you  must  show  your  work* 

Try  to  think  of  the  analogy  of  soup  as  you  work  the  problems.  Example: 

What  would  be  the  dozarlty  of  a  soup  made  by  adding  5  dozen  pieces  of 

corn  in  enough  soup  to  make  2  liters? 

5  dozen  corn     ■   2.5  dozen       ■     2.5  dozarlty 
2  liters  liter 


All  of  tha  following  ouoatlons  dMl  with  tha  substance  potassium  chlorlda 
(KCI)  which  has  a  molacular  mass  of  7*. 4  grams  W 

1,  What  would  bo  tha  molarity  of  a  solution  mada  by  dissolving  4.0  molas 
of  potassium  chlorlda  (KCl)ln  enough  water  to  make  3.0  HUM  of 
solution? 

A.    0.5  H  3.0  H 

C.    3.0  N  0,    6.0  n 

2.  what  would  ba  tha  Molarity  of  a  solution  made  by  dissolving  1*9.2  tram 
of  KCI  In  anoufh  watar  to  make  1200  ml  of  solution?  . 

A.    0>2  N  S.    0.40  H 

c.  1.47  h  ».  a.w* 

),    Now  many  grams  of  KCI  would  ba  present  In  1400  ml  of  a  0.50  «  KCI 
Solution? 

A.    23.3  grams  59.7  grams 

C.   93.3  grams  0.   238.7  grams 

k.   What  would  ba  tha  molarity  of  a  solution  mada  by  dissolving  0.*$  mo'ea 
of  KCI  In  anough  watar  to  naka  1*00  ml  of  solution? 

A.    0,32  H  3.1  H 

C.    20.0  n  0.    35.7  H 

S.    How  many  nillltars  of  a  1.4  H  KCI  solution  would  contain  It. 9  grams 
of  KCI? 

A.    8.0  ml  •  .    12$  ml 

320  ml  0.  3U5ml 


SO  8 
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Sunmary  Tables  of  Multiple  Regression  Analyses 
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SUMMARY  TABLE 


fiiTCKED  HCHOVfO 


F  TO  SIGNIFICANCE 
ENTER  OR  REMOVE 


MULTIPLE  R    «  $QUA*e    R  SOUARE 

CHANGE 


1 

i 

2 
3 
4 


yvoi 

MARfTOT 

rprt 

x3 

x2  " 
Xl 

V*2 
V*l 
V*3 
1*3 

i** 

1*1 
Ml 
**3 
«X2 
M2 
Ml 
M3 
VlXl 
VU3 
VlX2 
V*«l 
V*X2 
VMX3 

iwu  

I*X3 
I*X2 

IW 

V*X3 
1**1 
I*X3 
1**2 
MX1 
P*XZ 
RHA3 
VlNXl 
VIMX3 
VlKX2 

vifrxi 

Vl*X2 
VIPX3 
U  vPnxi 

V*«X2 
V^RXJ 
I**X1 
I**X2 
I*nxJ 
If  VIMX1 
VlMXf 


i> 


9 

ERjC 


.23975 
1.19 A 96 
12.95994 
♦3.2793ft 
I*. 00505 
.04870 
3.56925 
3,0774ft 
.72142 
•15735 
.004*5 
1.5*714 
.2*179 
•03160 
•00216 
.23622 
•6*097 
1 .43229 
•72071 
+.10122 
4.56405 
4.45*32 
1.87*69 
.89558 
.83259 
»  8.47710 
2.0*306 

.00701 

iitmt 

2. 73*64 
3.02439 
.59191 
1.69013 
1.68331 
.01076 
•54877 
•06601 
•03746 
1.62213 
•0341ft 
.54432 
1.31468 

4.16533 
.14914 
•00924 

1.55709 
.67123 
.56441 

t. 64397 
•02198 
'  2.96636 


•  42* 
.2*3 

•  000 

* 

•  000 

•  625 

•  059 
.0*0 
.39* 

•  89? 

•  944 

•  20* 
•59* 

•  *5r 
.961 

•  627 

•  410 

•  232 

•  398 

•  041 
.033 
•635 

•  171 

•  344 
•657 

..611  . 
.150 

•  933 

if  io 

•099 

•  063 

•  449 

•  194 
.19* 
•91? 

•  459 

•  794 

•  947 

•  263 
•849 

•  461 

•  25? 

•  049 

•  700 
.923 
•213 

•  411 

.453 
.260 
•*ftt 
.091 


» 90790 
.04751 
.16229 
.31742 
•35054 
.352^4 
•36071 
•36349 
.36536 
.46583 
.36643 
.H944 
.37606 
.37056 
.37062 
.37118 
.37126 
•£77l 9 
.37680 
.39213 
.39614 
•f0534 
.*1241 
•+1565 
.+1403 
•f 2ft 12 
•+3837 
•+3636 

:Mt 

•++737 
•+5314 
•+5335 
.45634 
•+6237 
•+6242 
.+633? 
.+6362 
.48414 
•+6694 
•+6696 
•+67 19 
•+6936 

•+7570 
.67625 
.+7625 
•+7921 
•+7990 
•+6868 
•+ftl87 
•+ft*86 
.+8862 


•00006 
i00226 
•02634 
.100(5 
a  2268 
.12414 
;i30ll 
•13213 

.133*0 
•13363 
•13427 
•13649 
.13*98 
•13733 
•13738 
•137fft 
•13765 
•14226 
*1434« 
•15377 
I 156?3 
.16430 
;i7006 
117277 
•17308 
•18157 
.16522 
•18523 

i\m 

•20014 
•20534 
•20553 
•20624 
•213f9 
•21364 
•21472 
•21494 
•21543 
•21**3 
•21605 
•21*46 
•22010 

•226^9 
•22661 
•226*2 
.22964 
.23031 
•23122 
•*3l+3 
•232+0 
•23698 


•00006 
•C0219 
•02+06 
.07441 
.62213 
•00126 
•00597 
•00201 
•00136 
•00033 
•00044 
•00222 
•00047 
•00037 
•00003 
•00040 
•00009 
.00443 
•00122 
•01026 
•00316 
•00736 
•00576 
.00269 
•00031 
•00649 
.00364 
•00001 

-AIM 

•00621 
•005U 
•00019 
•00271 
•00554 
•00005 
•00066 
•00023 
•00046 
•00260 
•00002 
•00012 
•00212 
•00599 
•00053 
•00000 
•00262 
•00067 
•00091 
•00021 
•06097 
•08459 


SIMPLE  R 


-.04)790 
.04*45 
••14776 
•2*691 
•.1*562 
••04946 
••00*04 
••02649 
••01233 
••142U 
••i*230 
••05C72 
••61001 
••00499 
••13835 
••03964 
••04013 
•01415 
••13+70 
••02214 
••14276 
••03650 
••00648 
••01660 
••13163 
••01457  _ 
••14006 
••04549 

::»«? 

-.12*61 
•00050 
••14246 
-•04701 
•00*62 
••0JM2 
••13430 
••02214 
••13J93 
••02662 
-•02167 
••03656 
-•1325* 
-•01114 
••0*149 
••12767 
••00661 
••04437 
••13645 
-•029U 
••03351 
••13112 


OVERALL  r      SlftNlf ICANCE 


•59366 

4.72492 
14.64946 
U. 11105 


C  27455 

5*10253 
4.47926 
6.51300 
+.05153 


.553 

.003 
.000 
.000 


-  ...ooo. 

.  .000 

-  .000. 
...000 

•  000  . 


3.61373 

3.62101 
4.39466 
3.16021 

2.933?1 
2.93728 


•000    .  - 

•  000. 

•  000 

. «ooo   

•  000 

.  s 
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1 

3 
4 


7- 


ti- 


ll 


i* 


13 


U 


vvov 
naustqt 

*3  / 

x*  / 

Xl 

v«2 

*V*1 
v*3 

1*1 

«M 

M*3 
M*2 
Mt 
Ml 

Mr 

VIM 
VIX3 
VU2 

.  V*X1   

V"X2 

V**3 
.  I*X1 

!*X3 

IHX2 

,V*X2  


If 

O 

ERLC 


yPxi 

VPX3 

IM2 

PHX1 

9MA2 

MX3. 

VlNXl 

Vl*X3 

ViHX2 

yIPXi 

vlM2 

VIPX3 

v**xi 

y**X2 
*P*X3 

I*WXt 
!*MX3 

vWjxi 
viMxt 

VIMX3 


/ 


r  to 


.79027 
U 72253 
10.51*43 
16,26515 
28.46915 
7,47057 
6.57608 
._*S50l3 
,29970 
•0606* 
.  ,03937 
•  U926 
.♦3941 
4.6t575 
•00000 
.13646 
.34352 
2.09297 
1.69070^ 
1.31461 
2 r 37449 
3.56601 
.0752* 
•06506 
.06779 
•66666 
•00625 
•56033 
—  ..54601 
.20722 
1.12390 
1.77674 
•09326 
1.10549 
•54635 
5.33955 
•26138 
•02963 
•00355 
.81169 
5.26624 
•36825 
1.U792 
•31045 
.07*69 
.16667 
1.82324 
•47646 
.46706 
•76250 
_  .69360 
.25742 


S  tj  «  M  4  O  Y  T***L£ 
SIGNIFICANCE    MULTIPLE  ^  *  SQIJ4«r    ft  <Otu*C    SIMPU  0 


OV^AuL  F  S16NIFICA^CC 


CHANGE 

•  17? 

.023*6 

•000^6 

•00056 

•  190 

•06250 

•09391 

•00335 

.0*531 

•  001 

•15537 

•  0?4i  4 

•02023 

m  14111 

•• 1 Jl 31 

•  906 

•23302 

•05410 

•03016 

• 1tO#0 

0 

•27100 

•073*4 

.01916 

1  %wk\  ft 

• 139| 5 

•  606 

.31310 

• 09603 

n  ^  a.  C  A 

•02*59 

• • UQJOV 

•  Oil 

•  33103 

At  t  cc 

.01 155 

_    AA  f  A 1 

.499 

. 3318 1 

*  1  A  1  A 

• 1 1010 

•00051 r 

•• 

.584 

•-3337 

'  1  1  ill 

. 00 1 04 

_  AhJCI 

•  •  VwOl 

•  Aft 

• J3353 

111  ?ft 
• 1 1 1** 

A  A  A  1  1 

•  no  ? 1 1 

_ 1  1291 

•  641 

• *399 1 

•3  1  e" 

AA  1  11 

• 00 1 33 

1  pri  1  A 

A.  All 

•  699 

t<l&l  A 

•  ■*3©60 

i  i  iln 
• 1 1 3*0 

•  000  73 

•  0A47I 

■  A  A 

•  50* 

•  JJf  7 3 

lit  ftOT 

• 1 1*1 r 

AAA  Tl 

a. 07^11 

•  «03? 

•35161 

•12363 

.10955 

*• tt J«  02 

•  999 

•35166 

•12366 

,00003 

,35200 

•123*0 

.00*24 

Afe  ft  T  A 

•  556 

•35340 

•12495 

•  .00105 

•• V9lCl 

•  140 

•35614 

•126*6 

,00203  « 

Aif  77 

*• 04  f 77 

•  224 

.35998 

•129*9 

,00260 

• 1 1972 

•  252 

•36626 

•13416 

•00457 

_    A  NQQ 

•  124 

•36790. 

•13561 

•00125 

• 12C24 

•  060 

•  «*7034 

•1*163 

A  A  M.  49 

•0062c 

_     Aft I99 

•  784 

•37641 

•16160 

•00005 

~     A4  4 A  ^ 

••04403 

.  «799 

•37656 

116100 

•00011 

••04634 

•  767 

•37668 

•16206 

.00024 

•  13^09 

•  414 

•  30U4 

•14527 

•00323 

••05096 

•92ft 

•  30U2 

•14540 

,00021 

•13^16 

•  454 

•30270  > 

•14646 

.00096 

••06347 

-•466   

•  30456  ... 

,14790  . 

-.00166  . 

..••06632 

•66ft 

•30521 

•16630 

•00069 

••09407 

'.29« 

•30736 

•15005 

,00166 

•10050 

•  16* 

•30906 

•181£ 

.00136 

••06194 

.760 

•39012 

•15220 

•00001 

•10665 

•  ?94 

•39261 

• 15414 

AA  •  At 

•00195 

_ ^ AA  f ft A 
• • U9  f  *9 

.460 

*  1  <(Jlo  A 

•  1  ^0*"W 

A  ft  AAA 

•  (J  (J*  WW 

••03079 

•  02t 

*  4fl97 t 

• 16706 

.00906 

••05267 

~  AAA 

1  09A 
•^4 ICS 

m 1 AA3? 

AA  AAA 

•12126 

.410*7 

•     IV?  ff 

•  1  W  ^  »  *# 

A  A  095 

••06*26 

.951 

*  4 1 116 

• 1 6922 

00  0  66 

•12701 

.  1AA 

*4 llllft 

• 17064 

'AO  1  A9 

••06096 

A  9« 

.  uc?  « 

•  i~09 

*  1 7661 

A  A  ftQQ 

•  J  7055 

•  ^  J* 

*  491  Aft 

*  1 779A 

ft  A3  11 

••06459 

•  ?6* 

•♦2621 

•17996 

•00700 

•10009 

.576 

•62423 

•17997 

•00001 

••04047 

.779 

-  «62677 

•180*3 

•00066 

••04667 

•  661 

.62693 

•16057 

•00013 

•11659 

•  17ft 

i 62906 

•16411 

•00354 

••04*25 

•  490 

•62907 

•16461 

,00050 

••06061 

.495 

•63062 

•16543 

•00062 

•11097 

•  377 

•63293 

•16762 

•00199 

••05957 

•  461 

•6J349 

.107*1 

•00069 

••66995 

•612 

•♦3601 

; 160*6 

,00045 

•10364 

1.00390 

6,21334 
I. 32069 
0.91363 


•  367 

•  006~ 

•  000 

0 


4*96235   ^  0  


6.40187  .... 
3.87866 

3.69002   

2.97630   


__.000- 

 0 

-•000 
--•000 


 4*57272  .000  - 


60904 
4.43806 
2.40371 

2.16032 
2.06192 


.000 

-.000   _  . 
•000 

•  060 

 V«f — 

.000  611 


» 


0€»C*OCNT  Wf  **!.€••  SOT 


S  >|  v  K  M  Y       T  A  M  L  £ 


c*tc*co  .tcitoveo 


f  TO  Ma«IF!CAMC£ 
CMTC*  Or  RCMOvC 


MULTIPLE  9    *  SQUAMA 


_  .  J 


-  -9 


vvai 

mAMSTOT 

Mar 

X*  ...  - 

X2 

XI 

V*2 

v*l 

vxj 

1*2 
1*1 
MAI 
MXJ 
mX2 
M2 
Ml 
M3 

VU3 
VU2 
V*X1. 
V**2 

_  vmax 


12 


13 


U 


IMX3 
IMX2 

vpxi 

VPX3 
1**1 
I*X3 

1*X2 
*m*i 
*HA2 
RMX3 
VlMXl 
Vl*X3 
VI  MX  2 
VlPXl 
VIPX2  ' 
VIPX3 
V^MXl 

yPMX2 

¥^MX3 

I^MXl 

l*MX2 

I**XJ 

VtMxi 

VlPMXt 

612 


•015S2 
t7*764 
13*110111 
42 ,04262 
.93172 
•  6U90 
o  .01252 
.112*3 
.19197 
•21200 
•06291 
.63890 
.13208 

2.2*5*3 
.19113 

1.0*532 
.00*0* 

1.80764 
•00342 
•00845 
•19130 

1.20846 
•01638 

1.11991 
.9413* 
_ 2.60853 
•43693 

4.65235 

:!Htf 

.01197 
2.2530? 
•01601 
.64120 
.51862 
2.16195 
.46032 
.93527 
•1*443 
.39560 
.1  .03795 
1 .85827 
•06329 

3.9H72 
•59846 

•21 375 
1.95532 
2.4X336 
•66724 
•06768 
•09464 
•99601 


.*5l 
.17* 
.00ft 
8 

.135 

•  434 

•  911 

•  T3« 

•  661 
.64* 

•  80? 

•  424 

•  749 

•  134 
•66? 

•  305 
.•949 
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.3 
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•  801 
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•32562 
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•33347 
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.•33800 
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•105*8 
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;il7?l 
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•13504 

•14303 


P  V)UAR£ 
CHAMQg 
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-•0*393 
••0M69 
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••06299 
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••09965 
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.604 
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-.000. 
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.000 
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2*47205 
2.31291 
*. 21644 

2.16716 
2.06029 


•  000 

•  000. 

•  000. 
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ehhic  mpcvec 
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CHANGE 

i 

• 

•C26C7 

•  649 

•03628 

•00132 

•00132 

•02629 

« 
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•  001 

•15371 

•02363 
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.15347 

2 
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•19650 

•03861 

•01498 

-•11943 

3 

22.9103<; 

0 

•31766 

•10091 

•06229 

•2*569 

11 

2.2474! 

.07* 

•33411 

•11163 

•01072 

-.10927 

x< 

•561C7 

•  446. 

•33529 

•  11238 

•00075 

-•07740 

XI 

•2S6C4 

*  .613 

. .33595 

•11266 

•00048 

-•05021 

*X2 

•8*5*1 

.353 

.33792 

•  11419 

•00133 

-•05654 
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•5C262 

.479 

•33957 

•11531 

.00112 

-.05189 
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•CC369 

.952 

•33959 

•11532 
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-.09602  ' 

I>3 

•31342 

.57$ 

•34172 

•  116  77 

•00145 

-.C9749 

*I»f 

•08342 

.773 

•34204 

*  .11699 

•0C022 

-.C6574 

HI 

•01307 

•  90  9 

•34206 

.11702 
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-•C4807 

i 

Ml 

•0557? 

•  613 

•34214 

.11706 

•00004 

-.V5526 
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•C24C0 

.854 

•34262 

.11739 

•00033 

-•10621 

M2 

•33C39 

•  566 

•34353 

•11802 

•0CC63 
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7 

M2 

•02133 

•  660 

•34415 

•11844 

•0C042 

-•C5784 

Ml 

2.21654 

•  132 

•35026 

•12270 

•00426 

-•02671 
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•1C333 

•  746 

•35057 

•12290 

•00020 

-.10194 

• 
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•24677 

•  620 

•35125 

•12338 

•00048 

-•05129 

VI«3 
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•  260 

•35720 

.12759 

•00421 

••09037 

VH2 

.56978 

•  451 

•35872 

•12668 

•00109 

-•05149 

9 
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•  684 

•35940 

•  12917 

•00049 

-•06363 
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•01118 
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•36003 
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•36214 
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»00965  - 

— - .09264 
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-•03660 

mi 
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•36351 
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•00301 

- «03707 
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•36851 

•15094 
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•G1369 
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•38674 
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-.02976 
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•36907 
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•00026 

•  -.09064 

I«X2 

•31546 

•  575 

•36984 

•15198 
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-.05144 

11 
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2.C2332 

•  155 

•39249 

•15605 

•00207 

-.03556 

ft*«2 

\88239 

•  346 

•39556 

•  15647 

•00242 

-.06434 

•»X3 

•1C37* 

.747 

•39561 

•15667 

•0C020 

-.10124 

II 

1.61632 

.20* 

•39662 

•15731 

• 0Q064 

-.C6S92 

2.55148 

•  Ul 

•60512 

•  16412 

•00661 

-.09514 
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•CO  702 

•  933 

•40513 

•16413 

•00001 

-.06322 

11 

•16331 

•  464 

•4066S 

•16553 

•00140 

-.03954 

vi«2 

2.02613 

•  155 

•41042 

•16644 

•00291 

-.03674 

VIM1 

.•56632 

•  444 

•41176 

•16956 

.00112 

-.06059 

14 

¥PM1 

•369CC 

•  544 

•41406 

•17145 

•00199 

-.05333 

VMI| 

•€1646 

•  696 

.41406 

•17145 

•00000 

-.04958 

Vt«t3 

.WCll 

•  669 

•*1449 

•17161 

•00036 

-.09618 

4 

1*M1 

•CC236 

•  961 

•41496 

•  17219 

•00039 

-.04113 

!MI| 

1.4C463  * 

•  136 

•41663 

•17525 

•003C5 

-•05790 

IMX3 

•02697 

•  665 

.41669 

•17530 

•00006 

-.08617 

II 

Vl*Ml 

3.38416 

•  066 

.42061 

•17T09 

•00176 

-.05769 

VltHfl 

•31946 

•  S72 

•42445 

.16016 

•00307 

-•04731 

2.C9C44 

•  149 

•42V13 

•16415 

•00399 

-•06622 
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i  7  iifirr 
07*  4ccSC 

0 

■  35  797 
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** 
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•00085 
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ft 

7 
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•  1 C  5  S  * 
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•>7515 

•  14Q  74 
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r00073 
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•  >06 
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•  459 

•37729  . 

• 14235 

•000 13 

-•06069 
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•36741 
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-•07039 
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■38960 
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•40560 
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•40967 
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-.08538 
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•41011 

•  169  19 

•  C 
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* 
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.0' 

-.04955 
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.42181 
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H 
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.42357 
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^  r  *  C 

•  9c2o  Q 

■  353 

.42665 

•18203 

•00262 
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.20669 

•00089 

-•08401 

IS 
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Nans 


School 


Chen.  Teacher 


DIRECTIONS:    Place  an  X  In  Che  space  below  designating  when  you  have  tin* 
for  a  feedback  session  on  pcoblen  solving.    This  should  be  done 
during  your  study  hall,  f  retried ,  and  or  after  school.  Pie.se 
indicate  as  neny  of  these  twines  ss  you  have  avelleble,  although 
you  will  just  be  interviewed  one  tine  every  few  s.  Jw. 


SCHEDULE: 


rauoo 

X 

u 

1 

2. 

S. 

*; 

> 

5. 

6. 

-t  

9. 

After  School 

FEEDBACK:    We  would  like  to  find  out  how  you  go  about  solving  problcns. 

Each  student  who  participates  in  the  feedback  sessions  will  be 
paid  3.00  per  session.    These  sessions  in  no  way  will  be  used 
to  evaluate  you.    The  discussion  in  the  feedback  session  will 
be  confidential.    Your  tescher  will  not  be  informed  ot  what 
you  do  in  these  sessions.    We  would  appreciate  your  help. 

Flense  return  this  form  to  your  teacher. 
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tj  Name  _ 

\ 

School 

Chem.  Teacher 

DIRECTIONS:    Place  an  X  jn  the  space  below  designating  when  you  have  time 
for  a  feedback  session  on  problem  solving.    This  should  be  done 
during  your  study  hall,  free  period,  and  or  after  school*  Please 
indicate  as  many  o£  these  times  as  you  have  available,  although 
you  will  just  be  interviewed  one  time  every  few  months. 

SCHEDULE:         x  pERI0D  X 


1. 

2. 

3. 

4. 

Hon  Room 
Activities 

5. 

6. 

After  School 

FL'DBACK:    We  would  like  to  find  out  how  you  9<>  about  solving  problems. 
These  sessions  in  no  wa^wlll  be  used  to  evaluate  you.  The 
discussion  in  the  the  feedback  session  will  be  confidential.  \  Your 
teacher  will  not  be  informed  of  what  you  do  in  these  sessions\ 
We  would  appreciate  your  help,  x 


lease  rciurn  this  form  to  your  instnictor. 
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INTERVIEWING  PROTOCOL 


EOJimENT: 

TAPE  RECORDER  (WITH  MICROPHOE) 
EXTENSION  CORD 
TAPE. (BLANK) 

S 

WHIMBEY  TAPE 
TWO  CHAIRS 
TABLE 


Equipment  Check 

SET-UP: 


PAPER 
PENCILS 

RESPONSE  SHEET 


OPERATION  CHECKS; 

1.    TAPE  RECORDER  WORKING? 

2  ,   TAPE  REWOUM)?  , 

3,    VOLUME  CONTROLS  SET? 


642 


A.    WITH  TABLE 


LI 

[J  !«] 


B.   WITH  STUDENT 
CHAIRS 


'l! 

■  t  1    1,77'f  /" 


TAPE 
RECORDER 


TAPE  ' 
RECORDER 
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Card  1 


(START  TAPE,)    INTRODUCTION:    MY  NAME  IS  MR. /MS.  '  FROM  I  r©  I  ANA  UNIVERSITY, 

I  AM  PART  OF  A  GROUP  OF  SCIENCE  EDUCATORS  THAT  IS  TRYING  TO  HELP  STUDENTS  LEARN 


|I  WILL  TAPE  OUR  CONVER- 
THIS  FEEDBACK  SESSION 


TO  SOLVE  CHEMISTRY  PROBLEMS.    IF  YOU  HAVE  NO  OBJECTIONS, 
SATION.    YOU  WILL  NOT  BE  REQUIRED  TO  LISTEN  TO  THE  TAPE. 
IS  TO  SEE  HOW  YOU  GO  ABOUT  SOLVING  CHEMISTRY  PROBLEMS.    THIS  IS  NOT  A  TEST  AND 
IS  FO TALLY  PRIVATE.    I  WILL  NOT  BE  REPORTING  BACK  TO  YOUR  TEACHER  ON  HOW  WELL 
YOU  IX).    THEY. WILL  NOT  HEAR  THE- TAPE. 


# 

/ 


»Vn  2  .  '  WHIMBEY  TAPE  / 


i 


1  ,\M  GOING  TO  PLAY  A  TAPE  FOR  YOU  TO  SHOW  YOU  HOW^I  WOULD  LIKE  FOR  YOU  TO  SOLVE 

THE  PROBLEMS  AND  ANSWER  QUESTIONS.    THE  PERSON  IN /THE  TAPE  WJLL  READ  THE  PROBLEM 

<  / 

-/LOUD  AND  .ALSO  SOLVE  IT  ALOUD.    ALL  THOUGHTS  CONCERNING  THE  PROBLEM  SHOULD  BE 

I 

i:»OKEN  AdOUD.'  THIS  WAY,  I  WILL  KNOW  WHAT  YOU  AR$  THINKING  AND,  THEREFORE,  BE 
v  AJiLE  TO  HELP  YOU.^  /  * 


LFl's  t.fSTLN  TO  SOMEONE  THINKING  ALOUD.  (STOP /RECORDER)  (PLAY  TAPE  AND.GIVE 
"SlUDENl  WHIMSY  PROBLEM.)  / 
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EBCBLQl 

IF  THE  CIRCLE  BELOW  IS  TALLER  THAN  THE  SQUARE  W.  THE  CROSS  IS  SHORTER 
THAW  THE  SQUARE/  PUT  A  V  IN  THE  CIRCLE.  HOWEVER,  IF  THIS  IS  NOT  THE 
CASE,  PUT  A  V  IN  THE  SECOND  TALLEST  FIGURE. 

1 


Card  4 


(START  RECORDER.)    NOW  LET'S  PRACTICE  THIS  THINK-ALOUD  TECHNIQUE.    I  WOULD 
LIKu  FOR  YOU  TO  SOLVE  THE  FOLLOWING  PROBLEM  ALOUD.    FIRST  READ  IT/  THEN  SPEAK 
YOUR  THOUGHTS  AS  YOU  SOLVE  IT.    YOU  MAY  DO  YOUR  FIGURING  ON  A  PIECE  OF  PAPER/ 
BUT  TELL  HE  WHAT  YOU  ARE  THINKING  WHILE  YOU  WRITE.    HERE  IS  THE  PROBLEM: 


EBCBLW1 


HARVEY  OWES  SAM  $27.00.    SAM  OWES  FRED  $6,00  AND  ALBERT  $15.30.    IF,  WITH 
SAM'S  PERMISSION,  HARVEY  PAYS  OFF  SAM'S  DEBT  TO  ALBERT,  HOW  MUCH  DOES 
HARVEY  STILL  OWE  SAM? 


CARi.  6 


QUESTIONS 


NOW  THAT  YOU  HAVE  TH^  IDEA,  LE^S  TRY  SOME  CHEMISTRY  QUESTIONS.    REMEMBER,  LET 
ME  HEAR  YOU  THINKING  AS  YOU  A^WER.    (ASK  THE  QUESTIONS  ON  THE  FOLLOWING  CARD,) 
(SHOULD  GIVE  THE  STUDENT  THE  ANSWER  IF  HE/SHE  DOES  NOT  KNOW) 
(PRaiPT  IN  CASE  OF,  SILENCE) 


\ 


\ 
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1 
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ml 

Card  .7 

(questions) 

each  unit  has  a  different  set  of  questions.  they  are  to  be  attached 
to  this  card  as  needed. 


Cakd  8 

*»,  LET'S  IKY  SOME  PROBLEMS.    YOU  MAY  USE  PENCIL,  PAPER,  AM)  AN  ATOMIC  MASS 
TAULE,  IF  YOU  NEED  IT.'  ON  ALL  OF  THE  FOLLOWING  PROBLEMS  YCU  CAN  DO  YOUR 
FIGURING  ON  A  SHEET  OF  PAPER,  BUT  TELL  ME  WAT  YOU  ARE  THINKING  VH.LE  YOU 


wraTE. 


HERE  IS  THE  FIRST  PROBLEM.    REMEMBER  TO  READ  IT  AlflJD,  NO  THINK  AUM> 
WING  YO*  PROBLE*  SOLVING.    I  WUU>  LIKE  TO  HEAR  ALL  YOUR  THCUGHTS  RELATING 
,„  THE  MM.    (WHILE  STUDENT  IS  SOLVING  TIE  PROBLEM,  YOU  SHOULD  BE  WRITING 
0,  THE  PCMNSE  SHEET)    (ONLY  PROMPT  THINK-AlflUD  ^ESS-HUiSSJSIAffii) 
(CVE  FlRST  PROBLEM,  SELECT  AT  RAKXW)    (DIFFERENT  PROBER  SETS  ARE  USED  FOR 
EACH  UNIT) 


Card  9 


now  let's  ,ry  anothlr  problem,  (give  second  problem,  select  at  random) 


now  let's  try  a  third  problem,  (give  a  third  problem,  select  at  random)' 
(if  method  was  not  evident,  i.e.  D,  F,  A,  or  P,  ask  the  student  which 

METHOD  HE/SHE  USED.    HAVE  THEM  SHOW  YOU. THE  METHOD.) 
(Siibw  ME  HOW  YOU  USED  THIS  METHOD  ON  PROBLEM  ONE.) 


■  HAUK  YOU  FOR  YOUR  HELP.    DO  YOU  HAVE  ANY  COMMENTS  ABOUT  THIS  SESSION? 
X:>JOP  1APL) 

111  ORULR  FOR  US  TO  PAY  YOU  FDR  THIS  SESSION,  PLEASE  SIGN  AND  DATE  THIS  FORM. 
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Feedback  Session  Procedures 


Time: 


Where: 


Supportive 
Materials: 


Selection 
of  students: 


Each  session  will  last  approximately  45  minutes,  and  will  be 
conducted  where  possible  during  study  periods.    It  may  be 
necessary  at  times  to  have  sessions  after  school  or  during 
class  time. 

'Hie  session  will  take  place  in  a  separate  room  away  from 
the  chemistry  classroom. 


Audio  tape  and  recorder  will  be*  needed  to  fecord  the  interview. 
The  student  will  be  provided  with  a  calculator,  periodic  chart, 
un lined  paper,  and  a  pencil. 


From  the  teste  administered  at  the  beginning  of  the  school 
year,  the  students  will  be  classified  according  to  the 
diagram  below:  „  \ 

Proportional  Reasoning 

-Low  High  


Visual 


Verbal 


Sixteen  students  from  each  of  the  four  groups  will 
participate  in  a  session  following  each  of  the  four  instruc- 
tional units.     Selection  of  the  students  from  each 
group  will  be  made  on  the  basis  of  their  success  or 
failure  on  the  immediate  post  test  and  on  the  instructional 
strategy  used.    Eight  students  who  were  able  to  solve  the 
problems  and  eight  who  were  not  will  be  used.    In  order  to 
encourage  participation,  $3.00  will  be  paid  the  student  for 
each  session. 


Initial 
Instruction 
to  the 
student : 


Prior  to  the  feedback  session  the  students  will  be  given 
tlic  following  instructions: 

1.  The  student  will  t>c  told  tliat  he/she  will  be  solving 
problems  like  he/she  had  done  in  class. 

2.  The  student  will  be  told  that  the  session  will  be 
private.   The  concept  of  complete  privacy  should  be 
emphasized.   Hie  student  is  to  be  insured  that  nothing 
said,  nor  the  results  of  any  problems,  will  be  repeated 
to  the  teacher  or  classmates  of  the  student. 


9 

ERLC 


643 


-2- 


567 


3.  The  student  will  be  informed  that  the  interviewer  will 
be  primarily  interested  in  how  the  problems  are  solved. 

4.  Each  student    will  be  asEcU  if  he/slie  objects  to  being 
audiorecorded,    and  will  be  told  tliat  tlicy  will  not  lx? 
required  to  listen  to  the  tape  being  replayed. 

The  Session:      Hie  students  will  use  a  Think-Aloud  Technique.    This  tech- 
nique wi^l  be  divided  into  three  sections  as  follows: 

1.  Think-Aloud  Warm-up 

a)    The  student  listens  to  a  short  tape  of  a  person 

solving  a  problem  aloud, 
h)    The  student  is  tajnxl  wliile  solving  a  think-aloud 

problem  from  Whimbey. 
c)    The  student  is  informed  of  the  importance  of 3 

thinking  aloud  while  solving  the  problems  during 

the  session. 

2.  Questions  Section:    Chemistry,  content  questions  will 
be  asked  to  establish  background  and  set  the  tone  for 
the  session.   A  typical  question  might  be  as  follows: 

In  the  molecule  H2SO4,  how  many  atoms  of 
each  element  are  present? 

The  interviewer  will  respond  to  the  question  when 
appropriate. 

3.  Problem  Section:0  Two  problems  will  be  presented  to  the 
student  (from  a  pool  of  three  items  of  each  type)  to 

•  be  solved  by  thinking  aloud.   The  interviewer  will 
prompt  the  student  with  a  general  question  such  as, 
f,Wliat  are  you  thinking  now?"  only  when  the  think  aloud 
process  breaks  down.    No  hints  to  the  problem  solviifg 
will  be  given.    Hie  interviewer  will  take  notes  on 
paper  while  the  student  is  thinking  aloud.    It  has  been 
shown  that  this  will  stimulate  the  think-aloud  process. 
Examples  of  the  problems  are  as  follows: 

a.  Che  step  -  How  many  moles  of  H2SO4  are  present  in 
90  grams  of  H2S04? 

b.  Two  step  -  What  is  the  mass  of  80  liters  of  neon  gas? 

Post  Session:     The  taj>es  will  be  coded  according  to  tlie  attached  form. 
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Moles  Questions 

01.  The  formula  for  calcium  hydroxide  is  Ca(OH)?.  (SHOW  STUDENT  CARD) I.  " 
^      How  many  atoms  of  each  element  are  present  fn  a  molecule  of  calcium  hydroxide? 

Expected  Response  (E.R.)  -  1  calcium,  2  oxygen,  2  hydrogen 

Q2.    If  you  had  a  mole  of  something,  what  would  that  mean  to  you? 

E.R.  -  -  A  mole  represents  a  certain  number  of  particles,  volume,  and  mass 
of  a  substance. 

Q3.    How  many  particles  are  in  one  mole? 

E.R.  -    6.02  x  1023  particles 
Q4.    What  volume  would  one  mole  of  an  ideal  gas  occupy  at  STP? 

E.R.  -    22.4  liters 
QS.    How  would  you  determine  the  mass  of  one  mole  of  iron? 

E.R.  -    Look  up  the  atomic  mass  in  a  table  of  atomic  masses. 
06.    How  would  you  determine  the  mass  of  one  mole'of  ammonia  (M3)?  (SHOW  STUDENT  CARD) 

E  R  -   Look  up  atomic  mass  of  nitrogen  (N);  and  hydrogen  (II)  in  atomic  mass 
table.    Add  up  one  nitrogen  (N),  and  3  hydrogen  (H)  to  get  mass  of 
1  mole.  * 


1M 


Moles  Problems 
How  much  would  3  moles  of  carbon  dioxide  (CO2)  weigh? 


IV       Wliat  would  be  the  volume  of  3  moles  of  carbon  dioxide  (C()2)  gas  at  STP? 

IMo.     How  many  molecules  of  carbon  dioxide  (CO2)  are  present  in  3  moles  of 
carbon  dioxide? 

2VM      A  sample  of  methane  (Cll4)  1ms  a  volume  of  44.8  liters  at  STP.    What  would 
be  the  mass  of  this  sample? 

2MMo    A  sample  of  methane  (CH4)  has  a  mass  of  32  grams.   How  many  molecules  are 
in  this  sample? 

2MoV    A  sample  of  methane  (CH4)  contains  12T.04  x  1023  molecules.   What  volume 
would  this  gas  occupy  at  STP? 

3VA      A  sample  of  hydrogen  sulfide  (H2S)  has  a  volume  of  67.2  liters  at  STP. 

How  many  hydrogen  atoms  are  present  in  this  sample? 
3MA      A  sample  of  hydrogen  sulfide  (IbS)  has  a  mass  of  102.3  grams.    How  many 

hydrogen  atoms  are  present  in  this  sample? 

3VM      A  sample  of  hydrogen  sulfide  (H2S)  las  a  volume  of  07.2  liters  at  STP. 
What  would  be  the  mass  of  the  hydrogen  atoms  in  this  sample? 


570 

Moles  Answers 

1M    *   12  ♦  2(16)  =  44  grams/mole      3  moles  eOfc  x  44  grams/mole  ■  132  grams  CO2 

^  ■> 

*  IV       3  moles  CGj  x  22.4  liters/mole  -  67.2  liters 

IMo      3  moles  C02  x  6.02  x  1023  molecules/mole  -  18.06  x  1023  molecules 

2VM      44.8  liters  =  2  moles  x  (12  +  4(1))  =  32  grams 

\    22 .4  liters/mole 

2KMo     12  +  4(1)  ■  16  grams/mole      32  grams  =  „  4 

'  lb  grams/mole 

2  moles  x  6.02  x  1023  molecules/moles  =  12.04  x  1023  molecules        ,  * 

2MOV     12.04  x  IP"  molecule's  =  2  moles  x  22.4  liters/mole  = 

0.02  x  Iflr3  molccules/roole 

44.8  liters 

3VA      67.2  liters  =   3  moles  IUS  x  2  moles  II  - 

22.4  liters/mole  1  mole  »2>S 

6  moles  H  x  6.02  x  1023  atoms/mole  ■  36.12  x  1023  atoms 

3MA      2  (1)  +  32.1  =  34.1  grams/mole        102.3  grams  I^S  . 

34.1  grams/mole 

3  moles  H^S  x  2  moles  11      =  6  moles  H-S  x  6.02  x  1023   atoms/mole  = 

1  mole  H2S 

36.12  x  1023  atoms  II 

SVM      b7'2  litcTS  jjgg     3  3  moles  l^S  x  2  moles  II  _ 
22.4  liters/molc  Fmolc  lf,S  " 


6  moles  II  x  1.0  grams   ■   6.0  grams  H 
mole 
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Gas  Laws  Questions 

Ql.   What  would  happen  to  the  volume  of  a  gas  sanple  if  tlie  pressure  on  the 
sample  was  increased  and  the  temperature  held  constant? 

gxpected  Response  (E.R.)  -  Volume  would  decrease. 

o 

Q2.    What  wuld  happen  to  the  volume  of  a  gas  sample  if  the  temperature  on  the 
sample  was .increased  and  the  pressure  held  constant? 

i  ,  *  * 

E.R.  -   Volune  would  increase. 

Q3.    What  would  happen  to  the  temperature  di,a  gas  samplor  if  the  pressure  on  the 
sample  was  decreased  and  the  volmroe  h^^constant? 


E.R.  -   Temperature  will  decrease. 


Q4^.    What  would  happen  to  the  pressure  of  a  gas  sanple  if  the  temperature  and  the 
volume  were  both  increased?  * 

E.R.  -   Can't  tell,  depends  on  the  percentage  for  each  effect. 

Gas' Laws  Problems 

1TP      A  sanple  of  gas  has  a  pressure  of  600  mm  Hg  at  27°C.    What  pressure  would 
this  sample  have  at  127°C?  Assime  no  volume  change. 

11V      A  sample  of  gas  has  a  volume  of  600  4hl  at  27°C.    What  volume  would  this 
gas  occupy  at  127°C?  Assume  no  pressure  change. 

IJV      A  sample  of  gas  has  a  volume  of  500  ml  at  700  mm  Hg  pressure.   What  volume 
would  this  gas, occupy  at  350  nm  Hg  pressure?  Assume  no  temperature  change. 

2TVP    A  sample  of  gas  has  a  pressure  of  400  nm  Hg  with  a  volume  of  600  ml  and  -73°C 
temperature.   What  would  be  the  pressure  if  the  volume  became  300  ml  and  the 
temperature  27°C? 

2TPV    A  sample  of  gas  has  a  volume  of  600  ml  at  400  ran  I  Ig  pressure  and  -73°C 
temperature.   What  would  be  the  volume  if  the  pressure  became  1200  mm  Hg 
?and  the  temperature  27°C? 

2PVT    A  sample  of  gas  has  a  temperature  of  -73°C  at  400  ran  Hg  pressure  and  600  ml 
volume.    What  would  be  the  Celsius  temperature  of  the  sanqple  if  the  pressure 
became  1200  ran  Hg  and  the  volume  300  ml? 

3M-TV  What  volume  would  3  moles  of  a  gas  occupy  at  -136. 5°C  and  760  ran  Hg? 

3M+TV  What  volume  would  3  moles  of  a  gas  occupy  at  273°C  and  760  ran  Hg? 

3MPV     Wliat  volume  would  3  moles  of  a  gas  occupy  at  ()°C  and  .1520  mm  lift? 
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Gas  Laws  Answers 


1TP       OOP  nrtlR  x/273  +  127°kV    CiWT  ani  l|g  x  400   =   800  am  llg 
^73  +    27°kJ  JRF  I 

1 

2 

1TV       600  ml  x/273  ♦  127UK^  =    600  ml  x  400    =   800  ml 


t'273  +  127°K\ 
273  +  27°K/ 


1 


I 

1FV        500  ml  x       mm  Hg   =   1000  ml 
35?mmtHg 

2TVP      400  mm  Hg  x  &00  ml  x/273_+27°kA  =  400  mm  Hg  x  2   x  300   »  1200  itm  Hg 

3o7TmT  \273  +-73°kJ  TOT  • 

™      600  ml  x  400  m^Hg   x  /|73  *  27°K\  =  600  ml  x  1   x  300°K  =  300  ml 

2PVT      273  +(-73°C)  x  1200  mm  Hg   V  300  ml   =    200°K  x  3  x  1     =  300°K 

400  mm  llg       600  ml  T  1 

300°K  -  273  *  27°C 

3M-TV     3  moles  x  22.4  liters     x  -136.5+273  »  3  x  22.4  liters  x  136.5  - 
1   moles  273  173" 

33.6  liters 

3M+TV     3-moles  x  22.4  liters  x  273+273   =  3  x.22. 4  liters  x  546  = 

moles  273°K  YTS 

134.4  liters 


3MPV      3  moles  x  22.4  liters   x  760  mm  Hg   »   33.6  liters 

moles         1520  mm  Hg 
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Stoichiometry  Questions 

Ql.   The  formula  for  calcium  hydroxide  is  Ca(0H)2.    (Show  Student  Card)  How/ 
many  atoms  of  each  element  are  present  in  a  molecule  of  calcium  hydroxide 

Expected  Response  (fc.R.)  -  1  calcium,  2  oxygen,  2  hydrogen. 

Q2.    If  you  liad  a  mole  of  something,  what  would  that  mean  to  you?  j 

E.R.  -  A  mole  represents  a  certain  number  of  particles,  volume,  afld 

mass  of  a  substance.  /  - 

/ 

/ 

Q3.    I  tow  many  particles  arc  in  one  mole?  j 

H.R.  -  6,02  x  1023  particles.  / 
Q4.    What  volume  would  one  mole  of  an  ideal  gas  occupy  at  SIT? 

/ 

E.R.  -  22.4  liters.  ^ 

Q5.    How  would  ^ou  determine  the  mass  of  one  mole  of  iron? 

E.R.  -  Look  up  the  atomic-mass  in  a  Table  of  Atomic  Masses. 

Qb.    How  would  you  determine  the-mass  of  one  mole  of  airmonia  (NBj)? 

(Show  Student  Card)  n  j 

E.R.  -  Look  up  atomic  uass  of  nitrogeiWN) ,  and  Hydrogen  (11)  in  Atomic 
Mass  Table.    Add  up  one  nitrogen  (N),  3  hydrogen  (H)  to  get  mass 
of  1  mole. 

Q7^How  would  you  go  alxnil  kiliinc  ing  the  following  equation: 
NaCl(aq)  ♦  H2S04(aq)   >    Na2S04(aq)    ♦  '^(aq) 

\ 

i:.R.  -  Two  II  arc  ncodeO  on  right  to  balance  two.  II  on  left.    Two  CI 

are  needed  on  left  to  balance  two  CI  on  right.    Other  elements 
balance.  , 

^  x  ^    Stoichiometry  Problems 

1  M   I^opane  gas  (C3H8)  burns  (reacts  with  02)  to  form  carbon  dioxide  (CO2) 
and  water  vapor  (H2O)  according  to  the  reaction: 

•       C3»8(g)    +°2(g)   >    C°2(g)     +  "2°(g) 

How  many  moles  of  CO2  would  be  formed  from  3  moles  of  C3H8 
reacting  with  sufficient  (>?? 


r 
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Stoichiometry  Problems  continued: 

1  V?      I*ropanc  gas  (C3I(g)  burns  (reacts  with  O2)  to  form  carbon  dioxide  (CO2) 
/      and  water  vapor  (H2O)  according  to  the  reaction: 

c3"8(g)  ♦  02(g)   >  002(gy  +  H20(g) 

,         '     How  many  liters  of  CQ2  (measured,  at  STP)  would  be  formed  from  67.2  liters 
of  c3*%  (measured  at  STP)  reacting  with  sufficient  P2? 

1    P    .  Propane  gas  (C^Hg)  burns  (reacts  with  O2)  to  form  carbon  dioxide  (CO2) 
and  water  vapor  (r^O)  according  to  the  reaction: 

y 

Vfcfe)  +  02(g)  r-*  CO, (gj  +  H20(g^  j| 

blow  many  molecules  of  CO?  would  be  formed  from  18.06  x  10^3  molecules 
"  of  OjHg  reacting  with  sufficient  O2? 

2  .  Sodium  carbonate  (Na2C03)  reacts  with  hydrochloric  acid  (HC1)  to  form 

sodium  chloride  (NaCl) ,  water  (H2O) ,  and  carbon  dioxide  gas  (CO2)  . 
according  to  the  reaction: 

Na2C03(aq)  +  2  HCl(aq)-4  2  NaCl(aq)  ♦  H2C(1)  ♦  C02(g) 

Itow  many  grams  of  CO2  would  be  produced  from  ^46.0  grains  of  HC1 
reacting  with  sufficient  Na2C03? 

2  MV      Sodium  carbonate  (Ns^COS)  reacts  with  hydrochloric  acid  (IIC1)  to  form 
sodium  chloride  (NaCl) ,  water  (H2O) ,  and  carbon  dioxide  (CO2) 
according  to  the  reaction:        '  %  ^ 

*  » 
'  Na2C03(aq)  +  2  HCl(aq)-»2  NaCl(aq)  +  H20(1)  +  C02(g)  . 

How  many  liters  of  CO2  (measured  at  STP)  would  be  produced  from  146.0 
grams  of  IC1  reacting  with  sufficient  Na2C03?  r> 

2  MP  „    'Sodium  carbonate  (N^Cps)  reacts  with  hydrochloric  cjcid  (ICJ)  to' form 

sodium  chloride  (NaCl)1,  water  (l^O),  and  carbon  dioxide  gaer  (CO2) 
*  accordirfg  to  the  reactioa: 

Na2C03(aq^  +  2  Itl  (aq)— >  2  NaCl,(aq)  +  H20fl)  +  C02(g) 

How  many  moltf&ules  of  CO2  would  be  produced  from  146.0  grams  of  HC1 
reacting  with  sufficient  Na2C0j? 

3  \tf  M  Silver  nitrat^  (Ag"N03)  reacts  with  hydrogen  sulfide  gas  (H2S)  to  form 

silver  sulfide  (Ag2S)  pnd  nitric  acid  (HNOj)  according  to  the  reaction: 

I  2AgN03(aq)  ♦  H2g(g)— *  Ag2S{s)  ♦  2  HN03(aq) 

Ilow  many,  grams  of  IINO3  would  be  formed  from  combining  255  grams  AgNOj 
Q  with  17  grams  I  l2S?  >     .  _ 

ERJC  yH% 


Stoichiqmetry  Problems  continued:  u 

X  Silver  nitrate  (AgNQ3)  reacts  with  hydrogen  sulfide  gas  (IhS)  to  form 
silver  sulfide  (Ag2S)  and  nitric  acid  (HND3)  according  to  the  reaction: 

2  AgNOjfaq)  +  I^Sfe)  *  Ag2S(s)  ♦  2  INOj(aq) 

Jtow  many  grams  of  Ag2S  would  be  formed  from  combining  170  grams  of 
AgN03  and  170  grams  f^S? 

3  SS  2  jSilver  nitrate  (AgNOj)  reacts  with  hydrogen  sulfide  gas  (H2S)  t0  f°m 
silver  sulfide  (A^2^J        nitric  acid  (HNO3)  according  to  the  reaction: 

2  AgN03(aq),  +  H2S(g)  *Ag2S(s)  +  2  HN03(aq) 

How  many  grams  of  Ag2S  would  be  for.ned  from  combining  540  grams  of" 
AgNOj  -and  51  grams  H2S?  * 


\ 


\ 
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Stoichiometry  Answers 


1  M       C3H8  ♦  502-4  3C02  ♦  4  H2O     3  moles  C  II  x  3  moles  CC^    =  g  moles  Q(h 

1  mole  C3H8  •» 

*  ^  P        C3Hb  +  5  02^3  C02+  4  H20     18.06  x  1023  ^lecxiles  ^  x  3  moles  C02  = 

\  •  1  molecule  C3II8 

54.18  x  1023  molecules  CC^ 

1  V       C,It  +  5  07-*3  CQ,+  4  H70     67.2  liters  Czlfa  x  3  liters  CO? 

1  liter  C3H8   =  201.6  liters  C02 

2  W      Equation  balanced.    146.0  grams  HCl   =  4.0  moles  HC1  x  1  mole 

30. b  grans/mole  2  moles  HCl  = 

2.0  moles  CO,    2.0  moles  CO2  x  44  grams  =   88.0  grams  CO, 

mole 

2  MV      Equation  balanced.    146.0  grams  HCl     =  4.0  mles  IO  x  1  mole  COo  = 

36.5  grams/mole  2  mole  HCl 

x      2.0  moles  Cfy  x  22.4  liters   s    44.8  liters  CO. 

^  mole  z 

2  MP      Equation  balanced.    146. U  grams  HCl     =4.0  moles  HCl  x  1  mole  C02  = 

36.  b  grams/mole  2  moles  HCl 

2.0  moles  CO?  x  6.02  x  1023  molecules  =  12.04  x  1023  molecules  CO, 
*  mole 

3  HI      Equation  balanced.    255  grams   AGNO3    =1,5  moles  AgNOj 

170-  grams/mole 

17  grams  H,S 

,  t     =0.5  mole  H,S  H2S  is  limiting  reagent 
34  grams/mole  * 

0.5  mole  H^S  x  2  mole  HNQ^  1>0  mole  HNC3  x  63  grams  =    63  grams  UNO 
1  mole  I^S  mole  3 

•    5851         •  ■*  w%  ™  p-  .  .■  5.0 ...  „,s 

I/O  grams/ nolo  -n — ~ r ■  i —  2 
*      '  51  grams/mo  lc  6 

AgNQj  limiting  reagent    l.U  moJo  AgNO^    x  1  mole  Ag2S     m  ()  $  molc  g 

2  moles  AgNO^       #  2 

0.5  mole  Ag2S  x  248  grams    -  124  grams  Ag2S 

mole 

3  S$  2   340  grams  AgNO,  =  2#0  ^  A  ^  51 

170  grams/mole  3       *         2     "  1-5  1,10165  H2S 

34  grams/mole 

AgN03  limiting  reagent   2.0  moles  AgfCVj  x  1  mole  Ag2S     -  1.0  mole  Ag.,S 

FR?r  1-°  "^le  A«2S  x  248  Slggs  "  248  &rams  Ag2S2  ni0leS  AgNC^ 

-  ,  moll"  o5^ 
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Molarity  Questions 

Ql.     How  would  you  determine  the  mass  of  one  mole  of  iron? 

Expected  Response  (E.R.)  -  Look  up  the  atonic  mass  in  a  Table  of  Atomic  Masses. 

Q2.     How  would  you  determine  the  mass  of  one  mole  of  anmonia  (MI3)? 
(Show  Student  Card) 

i;.Jt.N  -  Look  up  atomic  mass  of  N,  and  II  in  atomic  mass  table.    Add  up  one 
N  and  *  H  to  get  mass  of  one  mole. 

Q3.     How  many  milliliters  are  equal  to  2.5  liters? 

E.R.  -  2500  ml  '  # 

Q4.     Define  molarity  in  your  own  words.  ,  *  * 

E.R.  -  The  moles  of  material  dissolved  per  liter  of, solution .Moles/1 iter  (accepted), 

Q5.     How  would  you  make  up  one  liter  of  a  two  molar  sodium  chloride  solution? 

E.R.  -  Determine  molecular  mass  of  NaCl,  weigh  out  the  equivalent  of  2  ^ 
moles  (2  nfolecular  masses)  of  NaCl.  .  Dissolve  material  in  enough 
water  to  make  one  liter  of  solution. 

Molarity  Problems 

1  Ml       How  many  ml  of  a  0.5  M  potassium  fluoride  (KF)  solution  would  contain 
116.2  grams  of  KF? 

IG         riow  many  grams  of  potassium  fluoride  (KF)  are,  present  in  4000  ml  of  a 
0.5  M  solution  of  KF? 

1  Mo      What  would  be  the  molarity  of  a  solution  made  by  dissolving  116.2 

grams  of  potassium  fluoride  (KF)  in  enough  water  to,  form  4000  ml  of 
solut  ion?  • 

9  2  MoD*  What  would  be  the  molarity  of  a  solution  made  by  adding  500  ml  of 
water  to  1500  ml  of  a  3.0  M  LiCl  solution,? 

2  MoC     What  would  be  the  molarity  of  a  solution  made  by  boiling  off  500  ml 

of  water  from  2000  ml  of  a  2.25  M  LiCl  solution? 
J 

2  MoV     How  many  ml  of  water  must*  be  add&l  to  1F.O0  ml  of  a  3.0  M  Lifcl 
solution  in  order  for  the  molarity  to  become  2.25  M? 


3  WA      Sodium  carbonate  (Na^CC^)  reacts  with  phosphoric  acid  (H3PO4)  to 
produce  sodium  phosphate  (Na3P04),  water  (H20),  and  carbon  dioxide 
gas  (CO2)  according  to  the  balance^  reaction: 

3  Na2C03(s)  +    2  HsK>4(aq)  »  2  Na3ro4(aq)  +  3  ll20(l)  +  3  C°2(g) 

What  world  be  the  molarity  of  the  H3P04solution  that  reacted  with 
sufficient  Na2C03to  produce  54.0  grams  of  1^0  if  the  solution  had 

a  volune  of  0.5  liters? 
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Molarity  Problems  .continued: 


3  GA  1   Sodium  carbonate  (J^CC^)  reacts  with  phosphoric  acid  (H3PO4)  to  produce 
sodium  phosphate  (r^FCfy),  water  (HgO),  and  carbon  dioxide  gas  .(C02) 
according  to  the  balanced  reaction: 

3Na2C03(s)    ♦   2H3PO4(aq)-^2Na3P04(aq)    ♦   3  HjjO^  ♦  3  CO^ 

What  would  be  the  molarity  of  the  H3PO4    solution  tliat  reacted  with 
sufficient  ^COt  to  produce  132.0  grams  of  C02    if  the  solution 

had  a  volune  <.f  0.5  liters? 

»  * 

3  GA  2    Sodium  carbonate  (Na2C03)  reacts  with  phosphoric  acid  (H3PO4)  to  produce 
sodium  phosphate  (^Ptfy),  water  (II2O),  and  carbon  dioxide  gas  (CO2) 
according  to  the  balanced  reaction: 

3  ^2C03(S)    ♦    2  H3P04(aq)  »  2  Na3P04(aq)    ♦    3  II20(1)  ♦  3  CO^g) 

What  would  be  the  molarity  of  the  H3PO4  solution  that  reacted  with 
sufficient  Na^CC^  to  produce  264g  of  C02  if  the  solution  had  a  volume 
of  0.5  liters? 


o 
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Molarity  Answers 

1  Ml      116.2  g/58.1  g/mole  =2.0  moles      0.5M  =  0.5  moles/liter 
2.0  moles/0. 5*  moles/liter  =  4.0  liters  =  4000  mL  . 

1  6        C.5  M  »  0.5  moles/liter  x  4.0  1  =  2.0  moles 

t 

2.0  moles  x  58.1  grams/mole  ■  116.2  grams 

t 

1  Mo      K  39.1      116.2  g/58.1  g/mole  ■  2.0  moles    2.0  moles/4. 0  1  «  0.5  M 

F  19.0 
5S7T 

2  MoD     3.0  M  =  3.0  moles/liter  x  1.5  1  =  4.5  moles 

4.5  moles/2.0  liters  =  2.25  M 

2  MoC     2.25  if  "2.25  moles/liter  x.2.0  1  =  4.50  moles 
4.50  moles/1.5  liters  =  3.0  M 

2  MoV     3.0  M  =  3.0  moles/ liter  x  1.5  1  =  4.5  moles  4.5  moles  x  1  liter/2.25 

2.0  liters     2.0  liters  -  1.5  liters  =  0.5  liters     -5L  =  500  mL 

3  WA      54  grams/18  grams/mole  =  3  moles  1^0 

3  moles  i!20  x  2  moles  H3PO4/3  moles  II20  =  2  moles  II3PO4 

2  moles  H3PO4/0.5  1  =  4.0  M  H3PO4 

3  GA  1    132/grams  C02/44  grains/mole  =  3  moles  C02 

3  moles  C02  x  2  moles  II3PO4/3  moles  C02    =    2  moles  II3PO4 
2  moles  H3P04/.5  1  -  4.0  M  H3PO4 

0 

3  GA  2    264g  CX^/44  g/mole  =  6  mole  C02 

6  mole  C02  x  2  mole  H3P04/3  mole  C02   =    4  mole  H3PO4 

4  mole  H3PO4/.5  liter  a  8  M  H3PO4 
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APPENDIX  M 

Coding  Forms 

General   

Gas  Laws  

Stoichioraetry   

Molarity  


581 
586 
590 
594 


Teacher 
"Unit 


7 — T 


Treatment 
"Problems 


Success/Un success 

"  V  V  Q  a 
~  P  P  R  T 

~  Date  of  Interview 


581 
Interviewer 

Date  of  Coding 
Coder 


P  ROBUMS 


JCor  rect 
Incorrect 


Counter  Number 

.  1 

 2 

3 


QUESTIONS 

CORRECT 
Incorrect 


Problems 


Read  i  ng/Orggn  i  z  jng 

 Rereads  problem  or  parts  or  problea 

 ^Restates  p rob lee  in  own  words 

 performs  exploratory  manipuletions 

 Uses  mnemonic  notation 

 Draws  a  diag ram 

Makes  a  list  t 
 Other 

Recall  c 

 Recalls  a  related  concept 

 Recalls  a  releted  problem 

 Uses  a  method  of  releted  p^oblew 

Product  ion 

 Systemaatic  Approach 

»  * 
Approech  taught 

Arithmetic  elgonthm 

Nonsfrstemmatic  approach 

« 

_  Bright  idea 

 Use  successive  epproximation 

 Estimates 

 Guesses/selects  solution  on 

Irrelevant  basis 


No  answer  given 
Strategy 


^Algorithmic  only 
_Ugorithmic/ reasoning  strategy 
Random  trial  and  error 


Struiturel  Errors 

 Misinterprets  problem 

Disregards  relevant  information  given 
in  problem 

Disregards  relevant  information 
generated  in  previous  steps 

 Misapplies  relevant  information 

genersted  in  previous  steps 

Does  not  generate  needed  information 
from  memory 


Misapplies^ 


Conversion 
Other 


j)t-her 
J'rher 
oih«*r 


Evaluation 

Routine  check  of  manipuletions 

 ChecVs  that  the  solution  satisfies 

conditions 

 Checks  solution  by  retrecing  steps 

 Derives  solution  by  another  iwfhod 

 Is  the  result (s)  reesonable? 

compere t  solution  with  general  known 
results 

 l  hunges  upproech 

Comments  About  Solution 

Questions  existence  of  solution 

Questions  uniqueness  of  solution 

Questions  necessity /re levence  of 
information 

fcxpressos  uncerteinty  about  finel 
solution 

 Says  he  doesn't  know  how  tj  *olve 

problem 

t 

 Seys  the  problea  n  difficult 

Exocotlv  Brrori       tallioi  total 

Computing/arithmotic    

QUESTIONS    —  -  1   


Answers  quoit  ion  port  lolly  without  prompting 


Needs  prompting  to  answer  success fully 


.Answers  quostlon  cosjpletoly  without  prompting 


Jtoos  not  answer  question  at  all 
COMMENTS 
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DESCRIPTION  OF  CODING  FORM 


This  coding  system  is  an  adaptation  of  that  system  used  by  Days  (1977) 
for  problem  solving  strategies  in  mathematics  and  Nurrenbern  (1979) 
in  chemistry. 

^  * 

A.  Reading/Organizing.    Processes  a  subject  uses  to  aid  in  understand- 
ing what  the  problem  is  asking  or  processes  used  to  represent  the 
problem  in  a  form  that  will  aid  in  finding  a  solution. 

1.  Rereads  problem.    Subject  reads  all  or  part  of  the  problem 
statement  more  than  one  time  or  the  subject  reports  that. he 
is  rereading.  ^ 

2.  Restates  problem,   lubjcct  rephrases  or  paraphrases  the  problem 
statement  in  more  familiar  terms. 

3.  Performs  exploratory  manipulations.    Subject  performs  seme 
manipulations  with  given  data  without  having  a  real  plan  or  a 
clear  cut  reason  for  doing  soothe  subject  is  not  testing  a 
formulated  hypothesis. 

4.  Uses  mnemonic  notation.    Subject  uses  symbols  or  notation 

that  calls  to  mind  the  variables  they  represent:  atomic  symbols, 
molecular  formulas,  chemical  equation. 

5..  Draws  a  diagram.*  Subject  draws  a  figure  or  diagram  to  depict 
the  situation  or  conditions  as  stated  in  the  problem. 

6.  Makes  a  list.    Subject  puts  certain  data  into  a  list  in  order 
to  aid  him  in  solving  the  problem. 

7.  Other  organizing  procedures. 

B.  Recall.    Processes  used  to  recall  information  from  memory. 

8.  Recalls  a  related  concept.    ^Subject  recalls  a  related  concept 
or  related  formula  to  be  used  in  solving  the  problem. 

9.  Recalls  a  related  problem.    Subject  says  he  remembers  having  or 
solving  a  problem  like  the  present  one.    Subject  may  recall 
something  or  some  activity  from  class.      *  j 

10.   Uses  method  of  related  problem.    Subject  applies  method  used  to 
solve  a  previous  problem  to  the  problem  being  solved.  Subject 
must  'say  he  is  using  the  method  of  a  related  problem,  e.g..,  "I 
will  solve  this  problem  the  same  way  I  solved  that  problem 
about  the  cow  and  pig.11 

C.  lYoduction.    Processes  used  to  carry  out  the  plans  and  obtain  result 
Considered  to  be  systematic    f{  subject  uses  s*c«ie  organized  mode  of 
proceeding.  - 
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11.  Approach  taught.    Subject  uses  either  proportionality,  diagrams, 
factor- label  method,  or  analogies.    This  can  be  evident  from 
either  the  consents  made  while'  solving  the  problem,  or  from 

the  sheet  the  student  uses,  or  from  the  questions  asked. 

12.  Arithmetic  algorithm.    Subject  doesn't  use  £he  iriethod  taught 
but  uses  some  arithmetic  algorithm,  that  is,  some  procedure 
that  is  memorized  other  than  the  one  taught. 

13.  '  Bright  idea.    Subject,  after  some  thought,  indicates  that  he 

has  just  gotten  an  insight  intOjthe  problem  or  an  idea  to 
follow.    "Ah  ha!M    •'Oh,  I  get  it'"   "Oh,  I  got  an  idea!" 
MAh,  now  I  see!11 

14.  Uses  successive  approximation.    Subject  tries  on^  value  and 
then  uses  the  result  obtained  to  get  value  to  try  next. 

15.  Estimates.    Subject  indicates  that  he  is  making  an  estimate* 
or  estimates  of  the  magnitude  of  the  solution  or  parts  of 
solution. 

16.  Guesses/selects  solution  on  irrelevant  basis.    Subject  gives 
a  solution  which  was  derived  in  an  arbitrary  manner  or  based 
on  superficial  infoimation.    Wild  guess.    Combine  numbers  to- 
gether without  any  reason  to  get  solution. 

17.  Does  not  complete  problem.    Doesn't  proceed  enough  to  determine 
the  method. 

I).    Strategy.    Dominant  sequence  or  sequences  of  processes  used  while 
attempting  to  solve  a  problem  (there  could  be  more  than  one 
strategy  used  in  solving  the  same  problem) . 

18.  Algorithmic.    Subject  attempts  to  solve  problem  using  algorithms 
or  algorithmic  forms.    Does  this  from  rote.  (Wrong  algorithms 
may  be  used.) 

19.  Algorjftafffc/Reascning.    Subject  uses  reasoning  and  an  algorithm(s) 
or  algorithmic  form(s)  to  obtain  solution  to  the  problem.  (Can 
have  incorrect  reasoning  or  arithmetic  error.) 

20.  Random  trial -and-error.    Subject  makes  a  sequence  of  random 
guesses  about  the  solution  to  the  problem  without  using  any 
type  of  system  tit  the  information  from  previous  guesses.  Any- 
thing not  categorized  as  the  other  two  strategies. 

E.    Structural  Errors. 

21.  Misinterprets  problem.    It  is  indicated  in  some  way  that  the 
student  has  misread,  misinterpreted,  or  disregarded  a  critical 
part  of  the  problem. 

22.  Disregards  relevant  information  given  in  problem.  Subject 
fails  to  use  all  necessary  information  given  in  his  solution 
attempt. 


23.  Disregards  relevant  information  generated  during  previous  steps. 
Subject  proceeds  to  a  solution  without  considering  information 
he  produced  which  is  necessary  to  solve  the  problem.    E.g.,  a 
subject  may  balance  an  equation  and  then  ignore  it  in  further 
solution  steps. 

24.  Misapplies  relevant  information  generated  during  previous  steps. 
Subject  uses  information  he  has  generated  in  an  inappropriate 
way.    E.g.,  a  subject  may  conclude  that  substance  X  is  in  ex- 
cess and  thai  base  further  calculation  on  that  substance  in- 
stead of  substance  Y  which  would  be  the  limiting  reagent  and 
determinor  of  subsequent  products. 

25.  Does  not  generate  needed  infoimation  from  memory.  Student 
does  not  recall  needed  information  such  as  in  converting 
volume  to  moles,  does  not  recall  22.4  1/mole. 

26.  Misapplies  conversion  factor.  Student  uses  wrong  conversion 
factor.  E.g.,  in  changing  moles  to  volume,  uses  6.02  x  10" 
molecules.    (Include  one  that  should  be  used.) 

27.  Other  structural  errors. 

Evaluation.  Processes  used  in  the  checking  phase  of  problem  solving. 
Checking  can  occur  after  an  intermediate  or  final  result. 

28.  Routine  check  of  manipulations.    Subject  goes  back  and  briefly 
checks  his  operations  or  cbunting. 

29.  Checksthat  solution  satisfies  thp.  conditions.    Subject  fubstitute 
the  final  or  intermediate  solution  back  into  the  problem  Sfcd 
assures  himself  that  all  the  conditions  are  met. 

30.  Checks  solution  by  retracing  steps.  ^Subject  repeats,  after  de- 
riving a  solution,  the  operations  or  part  of  the  operations  he 
performed  to -derive  the  solution. 

31.  Derives  solution  by  another  method/  Subject,  after  obtaining  a 
solution  using  one  method,  tries  to  use  a  different  method  or 
procedure  to  reach  the  solution  (more  formal  than  28). 

32.  Is  the  result (s)  reasonable?   Subject  compares  his  solution 
against  his  experience  and  the  real  world. 

33.  Compares  solution  with  general  known  results.    Subject  compares 
his  solution  with  what  is  commonly  known  to  determine  if  con* 
tradictions  exist. 

34.  Changes  approach.    Subject  changes  strategy  he  is  using  to  solve 
the  problem,  e.g.,  did  algorithmic  to  trial -and-error  change  or 
vice  versa. 

Comments  about  solution.    Not  considered  to  be  processes. 

35.  Questions  existence  of  solution.  Subject  asks  if  there  is  a 
solution  to  the  problem  or  states  that  he  docs  not  think  the 
solution  exists. 
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To.    Questions  uniqueness  of  solution.    Subject  makes  a  direct 
statement  referring  to  the  possibility  of  more  than  one 
solution.  j 

37.  Questions  necessity/relevance  of  information.  Subject 
comments  about' some  of  the  information  given  and  its 
relevance  to  the  situation.  / 

38.  Expresses  uncertainty  about  final  solution.    Subject  expresses 
doubt  about  the  solution  he  has  found. 

39.  Says  he  doesn't  loiow  how  to  sdlve  the  problem.    This  is 
checked  even  if  after  saying  he  doesn't  know,  the  subject 
goes  on  and  finds  a  solution. 


40.  Says  the  problem  is  difficult. 
H.    Executive  Error.    (To  be  tallied) 


/ 


41.   Counting/Arithmetic  operations.    Subject  makes  arithmetical 
error  while  solving  problem. 


\ 

\ 


I.  Questions 

42.   Answers  question  partially  without  prompting.    Prompting  defined 
as  help.    Subject  answers  part  of  question  on  his/her  ovm  and 
then  gets  stuck.    Prompting  may  cause  answer  to  be  completed. 

4  43.    Needs  prompting  to  answer  successfully.    Subject  is  able  to 
answer  the  question,  but  needs  initial  prompting. 

44.  Answers  question  completely  without  prompting.    Subject  needs 
no  prompting  to  answer  question. 

45.  Does  not  answer  question  at  nil.    Subject  either  does  not 
attempt  "question  or  does  not  answer  any  part  of  it  (with 
or  without  prompting).  < 

c 

J.    Interviewer's  comments,  ,The  interviewer  will  record  such  coirtnents 
as,  "Student  seemed  nervous",  "Student  not  sure  of  himself",  or 
"Not  persistent".   The  interviewer  will  also  record  any  additional 
structural  errors  not  noted  on  the  checklist  as  well  as  an/  unique 
events  which  occurred  such  as  interrupt  ions  by  school  announcements. 


Student  Number   

586 

/  *  OAS  LAW  PROBLB1S 

/  ,  PROBLEM 

1.  0  Doesn't  get  this  far  * 

1  Kelvin  temperature  not  required 

2y  Fails  to  change  to  Kelvin*temperature 

y   Makes  error  in  calculating  Kelvin  temperature 

4  Converts  to  Kelvin  temperature  correctly 

0  Doesn't  get  this  far 

*    1  Doesn't  set  up  factor  or  proportion 

2  Inverts  a  factor  or  sets  up  wrong  proportion 

3  Sets  up  problem  correctly 

2.  0  Doesn't  get  this  far 

1  Kelvin  temperature  not  required 

2  Fails  to  change  to  Kelvin  temperature  (beginning) 

3  Fails  to  change  from  Kelvin  temperature  (end) 

4  2  and  3 

5  Makes  error  in  calculating  Kelvin  temperature 

6  Converts  all  Kelvin  temperatures  correctly 

7  3  and  S 
*                         8  Otliei 

0  l)ocsn't  get  this  far 

1  Doesn't  set  up  factor  or* proportion  , 

2  DisregardrjEHie  of  the  conditions;   ~ 

3  Inverts  a  factor  or  sets  up  wrong  proportion 

4  .  2  and  3  f '  f 

5  Correct  set  up  (regardless  of  Kelvin  temperature) 

.  '        ~~*  —   '  ^ 

3.  0  Doesn't  get  this  far 

'  .  /  1  Kelvin  temperature  not  required  -    ■  ;  ' 

/  2  Fails  to  change  to  Kelvin  temperature 

3  ,  Makes  error  in  calculating  Kelvin  temperature 

4  Converts  to  Kelvin  temperature  correctly 

/  0  Dodsn't  get  this  far 

1  /  Pails  to  convert  moles  to  volume 

2  Doesn't  s$t  unr^K^ijctor  or  proportion 

3  Inverts  a  fafltor  o^S^^s  up  wrting  proportion 

4  J  and  2 
r>  I  ami  3 
(>  2  and  3 

7  Sets  up  proVlom  correctly 

8  Converts  to  \iters  incorrectly 

9  2  and  8 


1     Confused  about  STP 
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Problem, 
0 

1 

2 

3 
4 


7 


GAS  LAWS 

Description  of  Special  Coding  Form, 

1  -  $ 

Doesn't  get  this  far.    Says  he  doesn't  know  how  todo  problem,  .    *  ' 
Just  doesn't  begin, 

Kelvin  temperature  not  required.    Problem  doesn*.t  call  for  conversion. 

Fails  to  change  to  Kelvin  temperature.    Actually  works^K4>l«n  or* 
sets  up  problem  to  work  without  using  JGelvinJ^flllperature. 

Makes  error  in  calculating  Kelvin  temperature.   Uses  wrong -constant, 
subtracts  instead  of  adding,  makes  math  error,  etc. 

0 

Converts  to  Kelvin  temperature  corfectly.   Gets  correct  answer. 


0  Doesn 


*t  get  this  far.  Says  he  doesn't  know  how  to  do  problem. 
Just  doesn't  begin.  * 


begin 


l! 


Doesn't  set  up  factor  or  proportion.    Does  something  else  or  sets 
-  up  incorrectly  (except  for  inverting,  then  use  2),  uses  some 
other  method. 


factor  or  sets  up  a  wrong  proportion.  The  major  error  is  / 
inversion  of  numbers.   Otherwise  it  would  qualify  for  3.  / 


Inverts  a 
the 

Process  is  correct. 


•/  £robl<jm 

r 

\ 

d 


.  2 


Sets  up  problem  correctly.    Can  be  errors  in  arithmetic 9  etc.  / 
previous  to  this.    Basic  structure  or  process  is  correct  j 
(e.g.  does  problem  in  liters  or  uses  wrong  temperature  or 
copies  wrong  number.) 

2  V 

Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do  problem. 
"       Just  doesn't  begin.  s 

Kelvin  temperature  not  required.    Problem  doesn't  call  for  conversion." 

Fails  to  change  to  Kelvin  temperature  (beginning) .   Actually  works 

problem  or  sets  up  problem  to  work  without  using  Kelvin  temperature. 

Fails  to  change  from  Kelvin  temperature  (end) .    Forgets  to  change  backv  . 
to  Celsius  at  the  end  of  tne  problem.  /  » 

4     2  and  3      Both  errors  ma<^ 
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/ 

5  Makes  error  in  calculating  Kelvin  temperature.    Adds  wrong  constant, 

subtracts,  subtracts  instead  of  adding,  makes  math  error,  etc. 
(If  an  error  in  any  temperature  conversion  occurs,  use  this  \ 
category.) 

6  Converts  all  Kelvin  temperatures  correctly.    Gets  all  answers  correct. 

7  3  and  5     Both  errors  occur. 

•  -  -  * 

&•    Other       Sets  up  first  temperature  correctly  KB*  doesn't  proceed 
. ^far^erjough  to  get  to  final  conversion. 


0  Doesn't  get ^ this  far.  >  Says  he  doesn't  know  how  fo  do  problem. 
Just  doesn't  begin.  "  ~  i 

f  * 

1  Doesn't  set  up  factor  or  pro])ortion.    Does  something  else  or  sets 
up  incorrectly  (except  for  inverting,  thai  use  3),  uses 
some  other  method*  * 

ft  'V 
S  2     Disregards  one  of  the  conditions.    Only  sets  up  using  one  of  the 

conditions,  e.g.  the  problem  calls  for  temperature  and 
pressure  change,  student  only  uses  the  temperature  change. 
Use  this  category  also  if  student  realizes  both  chaijges  but 
only  sets  up  one  change.  (liither  he  can't  set  up  both,  or 
forgets  one.)  I        *  i 

/  / 

3  Inverts  a  factor  or  sets  up  wrong  proportion*    Hie  major  error  i£ 

the  inversion  of  nui^ers.    otherwise  it  would  qualify  for  5. 
Process  is  correct. 

4  2  and  3     Both  errors  made. 

5  Correct  set  up  (regardless  of  Kelvin  temperature) .    Can  be  error  ii>* 

arithmetic,  etc.  previous  to  this.    Basic  structure  or  process 
incorrect    (e.g.  does  problem  in  liters  or  uses  wronc  temperature 
or  copies  wrong  number.)  % 

Problem  3~ 

0  Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do  problem.  * 

Just  doesn't  begin. 

/  ■ 

1  Kelvin  temperature  not  required.    Problem  doesn't  call  for  conversion. 

2  Fails  to  change  to  Kelvin  temperature.    Actually  works  problem  or 

sets  up  problem  to  work  without  using  Kelvin. temperature. 

3  M^kes  error  in  calculating  Kelvin  temperature.    U£es  wrong  constant1, 

subtracts  instead  of  adding,  makes  math  crr£j,  etc. 

1  4,   Converts  tc  Kelvin  temperature  correctly.    Gets  corr<*ct  answer.  [ 
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0  .Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do  problem. 

Just  doesn't  begin. 

1  Fails  to  convert  moles  to  volume.    Does  the  problem  or  sets  up 

problem  without  changing  to  volume.  Also  use  this  category 
if  he  realizes  he  should  change  but  doesn't  do  it  -  forgets 
cr  doesn't  know  how.    If  he  does  it  incorrectly,  use  8. 

2  Doesn't  set  up  a  factor  or  proportion.   Does  something  else  or  sets 

up  incorrectly  (except  for  inverting,  then  use  3),  uses  some 
other  metliod. 

3  Inverts  a  factor  er  sets  up  wrong  proportion.    The  major  error  is 

the  inversion  of  numbers,    otherwise  it  would  qualify  for  7. 
Process  is  correct. 

4  1  and  2  Itoth  errors  made. 
T>      I  ;jik1  3     Both  errors  iwidu. 

6  2  and  3  .  Both  errors  made. 

7  Sets  up  problem  correctly.    Can  be  errors  in  arithmetic,  etc.  previouS 

to  this.  Basic  structure  or  process  is  correct  (e.g.  does  problem 
in  liters  or  uses  wrong  temperature  or  copies  wrong  number.) 

8  1  Converts  to  liters  incorrectly.   Uses  6.02  x  1023  or  some  other 

incorrect  procedure. 

9  2  and  8     Both  errprs  made. 


1     Confused   about  STP.    Doesn't  associate  22.4  liters  with  STP,  etc. 


67 
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STOICHICMETRY  PRDBLB1S 


PROBLB1 


1.  0  Doesn't  get  this  far 

1  Balances  equation  correctly 

2  Balances  equation  incorrectly 

3  Does  not  attempt  to  balance  equation 

0  Doesn't  get  this  far 

1  Usps  equation  correctly  in  solving  problem  0 

2  Uses  equation  incorrectly  in  Solving  problem 

3  Does  not  use  balanced  equation  in  solving  problem  * 

¥ 

2.  0  Doesn't  get  this  far 

1  Checks  to  see  that  equation  is  balanced 

2  Does  not  check  to  see  that  equation  is  balanced 

0  Doesn't  get  this  far 

1  Uses  equation  correctly  in  solving  problem 

2  Uses  equation  incorrectly  in  solving  problem 

3  Does  not  use  equation  in  solving  problem 

♦  «* 

3.  0  Doesn't  get  this  far 

1  Checks  to  see  that  equation  is  balanced 

2  Does  not  check  to  see  that  equation  is  balanced 

0  Doesn't  get  this  far 

1  Uses  equation  correctly  for  determining  excess 

2  Uses  equation  incorrectly*  for  determining  excess 
3-  Does  not  use  equation  for  determining  excess 

0  Doesn't   et  this  far 

1  Uses  equation  correctly  for  determining  product 

2  Uses  equation  incorrectly  for  determining  product 

3  Does  not  use  equation  for  determining  product 


L 
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STOICHICMETRY 
Description  of  Special  Coding  Form 


Problem  1 


.ERIC 


0  Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do  problem. 

Just  doesn't  begin. 

1  Balances  equation  correctly.   All  coefficients  correct. 

2  Balances  equation  incorrectly.    Equation  not  entirely  correct.  Does 

not  matter  if  incorrect  coefficients  are  never  used, 

3  Does  not  attempt  to  balance  equation.   Uses  an  unbalanced  equation. 
 Does  not  see  need  tor  balancing  equation.    Student  starts  the  * 

<  problem. 


0  Doesn't  get  this  far.   Says  he  doesn't  know  how  to  do  problem. 

/    Just  doesn't  begin. 

1  Uses  equation  correctly  in  solving  problem.    Sets  up  with  ratios 

corresponding  to  ftow  he  balanced  the  equation. 

2  Uses  equation  incorrectly  in  solving  problem.  Uses  the  wrong 
 coefficients  or  inverts  them,  etc.  (except  for  errors  that 

occur  in  balancing  only).    Interprets  coefficients  as  grams. 

3  Doesn't  usg  the  equation  in  solving  problem.   Uses  some  other 

™       method  or  forgets  about  coefficients.    Student  starts  the 
problem. 


Problem  2 


0  Doesn't  get  this  far.    Says  be  doesn't  know  how  to  do  problem. 

Just  doesn't  begin. 

1  Checks  to  see  that  equation  is  balanced.   Overtly  says  he  is 

checking  the  equation. 

2  Does  not  check  to  see  that  equation  is  balanced.    It  is  not  apparent 

from  tape  or  sheet  that  equation  was  checked. 


0  Doesn't  get  this  far*   Says  he  doesn't  know  how  to  do  problem. 


i't  get  this  far.  Sa 
Just  doesn't  beyin. 
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1  Uses  equation  correctly  in  solving  problem*    Sets  up  with  ratios 

corresponding  to  those  in  equation.  . 

* 

2  Uses  equation  incorrectly  in  solving  problem.   Uses  wrong 

coefficients  or  inverts  t  *em,  etc.    Interprets  coefficients 
as  grams. 

3„  Does  not  use  equation  in  solving  problem.    Uses  some  other  method 
'         or  forgets  about  coefficients . 

Problem  3  -  * 

0  Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do  problem. 

Just  doesn't  begin. 

*  ♦ 

1  Checks  to  see  that  equation  is  balanced.   Overtly  says  he  is , 

checking  the  equation.  : 

2  Does  not  check  to  gee  tjiat  equation  is  balanced.    It  is  not  apparent 

from  tape|5t/$heet  that  equation  was  checked. 


0  Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do. problem. 

Just  doesn't  begin. 

1  Uses  equation  correctly  for  determining  excess.   Uses  the  coefficient? 

correctly. 

2  Uses  equation  inco a x'ectly  for  determining  excess.   Makes  some  error 

but  still  uses  equation.    Interprets  coefficients  as  grams. 

3  Does  not  use  equation  for  determining  excess.   Uses  some  other  method 

or  forgets  about  coefficients.   Student  starts  the  problem. 


0  Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do  problem. 

Just  doesn't  begin. 

1  Uses  equation  correctly  for  determining  product.    Uses  the  coefficients 

correctly. 

2  Uses  the  equation  incorrectly  for  deteimining  product.  ,  Makes  some  error  " 

but  still  uses  equation.    Interprets  coefficients  as  grams. 

3  Does  not  use .equation  for  determining  product.   Uses  some  other  method  or 

forgets  about  coefficients.    Student  starts  the  problem. 


/ 


9 
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MD1AIUTY  IHOBUMS 


fRDBLB! 


1. 


0 
1 
2 
3 
4 

0 
1 
2 
3 
4 


Doesn't  get  this  far  5 

Doesn't  calculate  molecular  weight  6 

Calculates  molecular  weight  incorrectly  7 

Calculates  molecular  weight  correctly  8 

Uses  molecular  weight  incorrectly  9 

Doesn't  get  this  far  .  5 

Doesn't  use  def initial  of  molarity  6 

Uses  definition  of  molarity  incorrectly  7 

tises  definition  of  molarity  correctly  8 

Error  in  mL-L  conversion  9 


Uses  molecular  weight  correct1, 
2  and  4 

2  and  5 

3  and  4 
3  and  5 


\ 


1  and  4 

2  and  4 

3  and  4 

Both  definition  and  mL-L  change  correct 
Changes  mL-L  or  vice  versa  correctly 


0  Doesn't  get  this  far  5 

1  Realizes  tliat  volune  changes  6 

2  Fails  to  uSe  volume  change  7 

3  1  and  2  8 

4  Uses  volume  change  correctly 

0  Doesn't  get  this  far     *  5 

1  Doesn't  use  definition  of  molarity  6 

2  Uses  definition  of  molarity  incorrectly  7 
&3  Uses  definition  oi  molarity  correctly  8 
*4  Error  in  mL-L  conversion  9 


Uses  volume  change  incorrectly 

Works  with  vol •change  correctly,  stops 

Doesn't  get  final  volume 

Otjer 


1  and  4 

2  and  4 

3  and  4 

Both  definition  and  mL-L  change  correct 
2  and  3 


3.    0  Doesn't  get  this  far 

1  Doesn't  calculate  molecular  weight  . 

v    2  Calculates  molecular  weight  incorrectly 

3  calculates  molecular  weight  correctly 

4  Uses  molecular  weight  incorrectly 

0  Doesn't  get  this  far 

1  Realizes  gtyiation  must  he  used 
Uses  balanced  equation  correctly 

3  Uses  balapcfed  equation  incorrectly 

4  Doesn't  realize  equation  must  be  used 

0  Doesn't  get  this  far 

1  Doesn't  use  definition  of  molarity 

2  Uses  definition  ,of  molarity  incorrectly 

3  Uses  definition  of  molarity  correctly 


A 


5  Uses  molecular  weight  correctly 

6  2  and  4 

7  2  and  5 

8  3  and  4 

9  3  and  5 
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HOIJVRITY  < 
Description  of  Special  Coding  Form 


Problem  1 


0  Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do  problem. 

Just  doesn't  begin. 

1  Doesn't   alculate  molecular  weight.   Uses  something  else. 
~      Assume  student  gets  this  far. 

jf 

2  Calculates  molecular  weight  incorrectly.   Makes  an  error  in  adding, 

uses  wrong  numbers!   Do  not  mark  for  correct  molecular  weight  , 
of  wrong  substance. 

3  Calculates  molecular  weight  correctly.    Gets  correct  weight  even  if 

substance  is  not  proper  one. 

4  Uses  molecular  weight  incorrectly.    Makes  terror  (other  than  arithmetic) 

May  use  molecular  weight  of  wrong  substance. 


5  Uses  molecular  wight  correctly.   Usw  molecular  weight  to  find  moles 

or  grams.   Disregardajrft  fine  tic  errors.  « 

**  *  . 

6  2  and  4     Both  errors  made. 

7  2  and  S 

o 

8  3  and  4 

$    3  and  5     Problem  correct  except  for  arithmetic  errors. 


0  Doesn't  get  tliis  far.    Says  he  doesn't  know  how  to  do  problem. 

Just  doesn't  begin . 

1  Doesn't  use  definition  of  molarity.    Uses  something  else. 

Assune  student  gets  this  far. 

2  Uses  definition  of  molarity  iireorrcctly.    Inverts  terms  or  does 

\j5omcthing  else  using  molarity. 

3  Uses  definition  of  molarity  correctly.    Process  correct.  Disregard 

arithmetic  errors.  ~ 

4  Error  in  mL  -  L  conversion.    Makes  error,  include  deciinal  but  not 

arithmetic.    Fails  to  make  the  mL  -  L  change. 

5  1  and  4    Makes  both  errors. 

6  2  and  4     Makes  both  errors. 

7  3  and  4 
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8  Both  definition  and  mL  -  L  change  correct.    Problem  essentially 

correct  except  for  arithmetic  errofsT 

9  Changes  mL  -  L  or  vice  versa  correctly. 


Problem  2 


0    Doesn't  get  this  far.    Says  he  doesnft  know  how  to  do  problem. 
~"      Just  doesn't  begin. 

,1     Realizes  that  volume  changes.   Makes  statement  or  infers  it  changes. 

2  Fails  to  use  volume  change.    Doesn't  incorporate,  it  Li  the  problem  - 

may  not  realize  that  it  changes.  - 

3  1  and  2 

4  Uses  volume  cliange  correctly.    Correct  process.    Disregard  arithmetic 

errors.         \  * 

5  Uses  volume  change  incorrectly.    Inverts*#»mbers ,  adds,  divides,  etc. 

6  Works  with  volume  change  correctly  and  stops.   Gets  only  part  way. 

7  Doesn't  get  final  volume.    Forgets  last  step  in  adding  or  subtracting 
w  volunes. 

8  Other   _  

0  Doesnft  get  this  far.    Says  lie  doesn't  know  how  to  do  problem. 

Just  doesn't  begin. 

1  Doesn't  use  definition  of  molarity.  Uses  something  else. 

Assume  student  gets  this  far.  ^ 

Uses  definition  of  molarity  incorrectly.    Inverts  terms  or  does  something 
else  using  molarity.    Should  be  marked  if  in  part  of  problem, 
definition  i*  used  incorrectly. 

3  Uses  definition  of  molarity  correctly.    Process  correct,  nisregard 

arithmetic  errors.    Siould  be  marked  if  in  part  of  problem; 
definition  is  used  correctly.        _ 

4  Error  in  mL  -  L  converstion.   Makes  error,  include  decimal  but  not 

arithmet  JT.    Fails  to  make  the  mL  -  L  cliange. 

5'  1  and  4     Makes  both  errors. 

6  2  and  4     Makes  both  errors. 

7  3  and  4 

8  Both  definition  and  mL  -  L  change  correct. 

9  2  and  3"   For  different  parts  of  the  problem. 
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Problem  3 

0  Doesn't  get  this  . far.    Says  lie  doesn't  know  how  to  do  problem.  ^ 

Just  doesn't  begin. 

1  Doesnft  calculate  molecular  ^weight.   Uses  something  else. 

Assume  student  gets  this  far, 

2  Calculates  molecular  weight  incorrectly*    Makes  an  error  in  adding, 

uses  wrong  numbers.    Do  not  mark  for  correct  molecular  weight 
of  wrong  substance. 

» 

3  Calculates  molecular  weight  correctly.    Gets  correct  weight  even  if 

substance  is  not  proper  one. 

4  Uses  molecular  weight  incorrectly.   Makes  error  (other  than  arithmetic)  1 

May  use  molecular  weight  of  wrong  substance. 

5  Uses  molecular  weight  correctly.   Uses  molecular  weight  to  find  moles 

or  grams.   Disregard  aritnmetic  errors. 

6  2  and  4     Both  errors  made, 

7  2  and  5 

8  3  and  4  , 

f 

9  3  and  5     Problem  correct  except  for  arithmetic  errors. 


0  Doesnft  get  this  far.    Says  he  doesn't  know  how  to  do  problem. 

Just  doesn't  begin. 

1  Realize  equation  must  be  used.    Makes  a  statement  that  the  equation 

is  required. 

2  Uses  balanced  equation  correctly.   Uses  correct  ratios. 

3  Uses  balanced  equation  incorrectly.   Uses  wrong  ratios,  wrong  substances, 

grams  instead ot  moles,  etc. 

4  Doesn't  realize  equation  mist  be  used.    Works  problem  without  reference 

to  equation. 


I)     Doesn't  get  this  far.    Says  he  doesn't  know  how  to  do  problem. 
Just  doesn't  begin. 

1  Doesn't  use  definition  of  molarity*   Uses  something  else. 

Assume  student  gets  this  far, 

2  Uses  definition  of  molarity  incorrectly.    Inverts  terms  or  does 

something  else  using  molarity. 

3  Uses  definition  of  molarity  correctly.    Process  correct.  Disregard 
O  arithmetic^ errors . 
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